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STUDY  OF  THE  REACTIONS  OF  SULFUR  DIOXIDE 
WITH  METAL  OXIDES  IN  PRESENCE  OF  CARBON 

V.  V.  Pechkovsky 
The  A.  M.  Gorky  State  University,  Molotov 


Reactions  of  sulfur  dioxide  with  metal  oxides  in  presence  of  solid  or  gaseous  reducing  agents  are  widely 
used  in  various  industrial  operations  fl-4]. 

In  nonferrous  metallurgy,  reactions  between  sulfur  dioxide  and  metal  oxides  in  presence  of  reducing  agents 
play  an  important  part  in  the  smelting  of  copper  and  nickel  ores  [2, S],  in  ferrous  metallurgy  this  process  is  the 
basis  of  desulfurization  of  iron  in  blast  furnace  smelting  [1,  6],  while  in  inorganic  technology  the  process  often 
determines  the  composition  of  the  products  formed  by  reduction  roasting  of  sulfates  [3,  7,  8], 

In  view  of  the  importance  of  this  process  andof  the  fact  that  it  has  been  studied  relatively  little,  the  present 
Investigation  was  devoted  to  the  study  of  the  reactions  of  sulfur  dioxide  with  various  metal  oxides  in  presence 
of  solid  carbon. 

When  sulfur  dioxide  reacts  with  metal  oxides  in  presence  of  carbon,  tlie  solid  products  may,  in  general, 
consist  of  sulfites,  sulfides,  and  sulfates.  These  compounds  may  be  formed  in  several  different  ways.  Sulfites 
are  formed  when  sulfur  dioxide  reacts  with  metal  oxides  according  to  the  equation 

MeO  +  SOj  4=^  MeSO,.  (1) 

However,  as  Foerster  and  Kubel  [9]  report,  the  sulfites  of  most  metals  are  unstable  compounds,  and  de¬ 
compose  at  relatively  low  temperatures  according  to  the  equation 

4MeS03  =  MeS  +  3MeS04.  (2) 

Moreover,  sulfites  formed  according  to  Equation  (1)  may  under  certain  conditions  be  oxidized  according  to  the 
equation 

MeSOg  +  V2O2  ^  MeSeV  (3) 

However,  it  must  be  stated  that  when  sulfur  dioxide  interacts  with  metal  oxides  in  presence  of  carbon,  the 
formation  of  sulfites,  sulfides,  and  sulfates  according  to  Equations  (1)  -  (3)  is  possible,  for  most  oxides,  only  at 
relatively  low  temperatures,  when  the  reduction  of  sulfur  dioxide  occurs  at  a  relatively  low  rate.  Sulfides  may 
therefore  be  formed  by  another  route.  This  route  of  sulfide  formation  in  the  interaction  of  sulfur  dioxide  with 
metal  oxides  in  presence  of  carbon  can  be  represented  by  the  following  overall  equations: 

2MeO  +  2SO2  +  3C  =  2MeS  +  3CO2,  (4) 

MeO  +  SO2  +  3C  =  MeS  +  3CO.  (5) 

Leaving  an  all-round  examination  of  the  complex  mechanism  of  this  process  on  one  side  for  the  moment, 
let  us  consider  its  individual  stages.  The  most  important  of  these  stages  are:  reduction  of  sulfur  dioxide  to  ele¬ 
mentary  sulfur,  reduction  of  the  metallic  oxide,  reaction  of  elemental  sulfur  with  the  oxide  undergoing  reduc¬ 
tion  to  give  a  sulfide.  The  complex  combination  of  the  reactions  taking  place  in  the,  reduction  of  sulfur  dioxide 
with  carbon  can  be  represented  by  the  following  principal  equations: 

SO2  +  C  COj  +  1/2S2.  (6) 

CO2  +  C  ^  2CO,  (7) 
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C  +  Sg  •X— —  CjS2, 

CO+  1/2S2  ^  cos. 


(8) 

(9) 


To  determine  the  degree  of  reduction  of  sulfur  dioxide  by  carbon,  we  carried  out  a  thermodynamic  analy¬ 
sis  of  this  system.  The  equilibrium  composition  of  the  gas  phase,  consisting  of  Sj,  COg,  CO,  CSj,  COS,  and 
SO2,  was  calculated  for  different  temperatures  and  SO2  concentrations  in  the  original  gas.  The  calculations 
were  made  for  a  total  pressure  of  1  atmosphere. 

Table  1  contains  our  calculated  equilibrium  concentrations  of  elemental  sulfur  in  the  gas  phase  for  re¬ 
duction  of  lOO'^r  SO2  with  carbon,  and  also  for  reduction  of  gaseous  mixtures  containing  80,  60,  and  40<yo  SO2 
(the  rest  being  air). 


TABLE  1 

Equilibrium  Concentrations  of  Sulfur  in  the  Gas  Phase  in  the 
Reduction  of  Sulfur  Dioxide  with  Carbon 


Concentration 
of  SO2  in  the 
original  mix¬ 
ture  ( 

Log  psg  at  temperatures  (°C) 

600 

700 

800 

fOOO 

1200 

100 

—2.301 

—2.165 

—1.966 

—1.742 

—1.633 

80 

—2.398 

— 2.2GO 

—2.046 

—1.796 

—1.699 

GO 

—2.523 

— 2.36G 

-2.125 

—1.886 

—1.757 

40 

—2.700 

—2.523 

—2.236 

—1.990 

—1.879 

Lepsoe  [10]  studied  the  rate  of  reduction  of  sulfur  dioxide  with  carbon.  He  found  that  reduction  of  sulfur 
dioxide  by  wood  charcoal  already  occurs  at  500°,  and  at  800*  the  reaction  proceeds  at  a  high  rate.  He  also 
found  that  the  rate  of  reduction  of  sulfur  dioxide  greatly  depends  on  the  reactivity  of  the  solid  reducing  agent. 
For  example,  the  rate  of  reduction  of  SO2  by  coke  made  from  coal  was  4  times  lower  than  by  wood  charcoal 
under  the  same  conditions.  Lepsoe  [10]  states  that  the  reduction  of  sulfur  dioxide  by  charcoal  is  a  heterogeneous 
catalytic  reaction  in  which  the  carbon  surface  acts  as  the  catalyst. 


We  now  consider  the  next  stage  of  the  process  —  reduction  of  metal  oxides.  The  most  widely  held  view 
on  the  reduction  of  metal  oxides  with  solid  carbon  is  that  the  reaction  occurs  according  to  the  scheme  [1]: 

MeO  +  CO  ^  Me  +  CO2,  (10) 

C  +  CO2  ^  2CO.  (11) 


If  MeO  and  Me  are  present  in  condensed  phases  and  do  not  form  solid  or  liquid  solutions,  the  equilibrium 
constant  for  Reaction  (10)  can  be  represented  as; 

PCOj 

K  = - = 

PCO 


The  extent  and  sequence  of  the  reduction  of  certain  metal  oxides  with  carbon  monoxide  can  be  found 
from  the  values  of  the  equilibrium  CO/CO2  ratios  at  800",  given  in  Table  2. 


TABLE  2 


Logarithms  of  Equilibrium  CO/CO2  Ratios 
in  the  Reduction  of  Various  Metal  Oxides 
with  Carbon  Monoxide  (t  =  800°) 


Metal 

oxide 

Cu,0 

CoO 

FeO 

ZnO 

MnO 

Vo, 

-5.0 

—2.5 

-1-0.2 

+  1-1 

-f6.0 

The  problem  of  determ ing  the  equilibrium  gas  phase 
composition,  the  sequence,  and  to  some  extent  the  rates  of 
reduction  of  the  metal  oxides  is  considerably  easier  if  the 
dissociation  pressures  of  the  oxides  are  known.  As  is  known, 
the  dissociation  pressure  of  an  oxide  is  a  quantity  equivalent 
to  the  standard  free  energy  change  of  the  system,  and  in  a 
number  of  cases  it  can  therefore  be  found  from  the  equation: 

AF°=-2.3RTlogpo2. 

The  common  logarithms  of  the  dissociation  pressures 
of  some  metal  oxides  are  given  in  Fig.  1  [11,  12].  The 
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logarithms  of  the  equilibrium  oxygen  pressures  in  the  dissociation  of  carbon  dioxide  and  carbon  monoxide,  cal¬ 
culated  for  a  total  pressure  of  one  atmosphere,  are  plotted  on  the  same  diagram. 

The  data  in  Fig.  1  can  be  used  to  divide  all  metal  oxides  into  3  j5  arbitrary  groups. 

The  first  group  consists  of  oxides  of  metals  the  lower  oxides  of  which  have  higlier  dissociation  pressures 
than  the  equilibrium  oxygen  pressure  in  the  dissociation  of  carbon  dioxide.  The  data  in  Fig.  1  show  that  tliis 
group  includes  cuprous  oxide,  cobaltous  oxide,  etc.  The  lower  oxides  of  the  metals  of  this  group  are  relatively 
easily  reduced  with  carbon  monoxide  and,  as  the  data  in  Table  2  and  Fig.  1  indicate,  the  gaseous  reduction 
products  consist  mainly  of  carbon  dioxide. 


Fig.  1.  Variation  of  dissociation  pres¬ 
sures  of  oxides  with  the  temperature. 
A)  Common  logarithm  of  the  dissocia¬ 
tion  pressure  of  the  oxide  (log  Pq  ), 

B>  temperature  (°C). 

Oxides:  CaO,  2)  MgO,  3)  AI2O3, 

4)  CO,  b)  MnO,  6)  COj.  7)  FeO, 

8)  ZnO,  9)  CoO,  10)  CujO. 


A 


Fig.  2.  Variation  of  dissociation 
pressures  of  sulfides  with  the  tem¬ 
perature. 

A)  Common  logarithm  of  the  dis¬ 
sociation  pressure  of  the  sulfide 
(log  Pj,  ),  B)  temperature  ("C). 
Sulfidel:!)  MnS,  2)  CujS,  3)  ZnS, 
4)  FeS,  5)  NisSj,  6)  logarithm  of 
the  equilibrium  sulfur  concentra¬ 
tion  in  the  gas  phase  in  the  reduc¬ 
tion  of  100%  SO2  with  carbon. 


The  second  group  consists  of  oxides  of  metals  the  lower  oxides  of  which  have  higher  dissociation  pressures 
than  the  equilibrium  oxygen  pressure  in  the  dissociation  of  carbon  monoxide.  The  data  in  Fig,  1  show  that  fer¬ 
rous,  manganous,  and  zinc  oxides  can  be  included  in  this  group.  The  lower  oxides  of  the  metals  in  this  group 
can  be  reduced  with  carbon  monoxide  in  presence  of  carbon  only  with  great  difficulty  and  only  at  high  tempera¬ 
tures.  The  data  in  Table  2  and  Fig.  1  indicate  that  the  equilibrium  gas  phase  in  the  reduction  of  metal  oxides 
of  this  group  will  consist  mainly  of  carbon  monoxide. 

The  third  group  consists  of  oxides  of  metals  the  lower  oxides  of  which  have  lower  dissociation  pressures 
than  the  equilibrium  oxygen  pressure  in  the  dissociation  of  carbon  monoxide.  The  data  in  Fig.  1  indicate  that 
the  oxides  of  aluminum,  magnesium,  and  calcium  are  examples  of  this  group.  The  lower  oxides  of  the  metals 
of  this  group  are  not  reduced  in  the  600-1000*  temperature  range  even  in  presence  of  solid  carbon  [1,  2], 

The  final  stage  of  the  process  in  question  is  conversion  of  the  oxide  to  sulfide  by  means  of  elemental  sul¬ 
fur.  This  stage  can  be  schematically  represented  by  the  equation 

Me  +  I/2S2  ^  MeS.  (12) 
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Sulfide  formation  according  to  Equation  (12)  is  thennodynamically  possible  if  the  pressure  of  elemental  sulfur 
in  the  gas  phase  is  higher  than  the  equilibrium  dissociation  pressure  of  the  sulfide. 

Values  of  the  logarithms  of  the  dissociation  pressures  of  various  sulfides,  taken  from  literature  sources 
[2,  11,  12],  are  given  in  Fig.  2.  The  logarithms  of  the  equilibrium  sulfur  pressure  in  the  reduction  of  lOO^o 
sulfur  dioxide  with  carbon  are  also  plotted  on  the  same  diagram. 

The  relative  positions  of  the  curves  in  Fig.  2  show  that  100<yo  sulfur  dioxide  in  presence  of  carbon  in  the 
500-12G0*  range  can  be  used  to  obtain  sulfides  of  iron,  nickel,  copper,  and  zinc,  apart  from  other  metals  the 
sulfides  of  which  have  lower  dissociation  pressures. 

In  concluding  this  discussion  of  some  aspects  of  the  process,  we  must  point  out  that  the  elemental  sulfur 
formed  in  the  reduction  of  sulfur  dioxide  can  be  adsorbed  by  solid  carbon  even  at  high  temperatures.  This  in¬ 
teresting  fact  has  been  reported  by  Juza  and  Blanke  [13],  and  by  Huff  and  Holz  [14], 

All  the  foregoing  leads  to  the  general  conclusion  that  the  interaction  of  sulfur  dioxide  with  metal  oxides 
in  presence  of  carbon  is  a  very  complex  process.  The  composition  of  the  solid  and  gaseous  products  of  this 
interaction  will  be  detennined  by  the  rate  and  extent  of  the  reactions  which  constitute  the  overall  process.  In 
the  general  case,  the  composition  of  the  solid  and  gaseous  products  formed  in  the  interaction  of  sulfur  dioxide 
with  metal  oxides  in  the  presence  of  carbon,  and  the  rate  of  the  whole  process,  will  be  determined  by  numerous 
factors  which  include  the  temperature,  the  physicochemical  properties  of  the  metal  oxides  and  of  the  compounds 
formed,  the  reactivity  of  the  carbon  used,  the  carbon  content  in  the  original  mixture,  and  the  SO2  concentration 
in  the  original  gas  mixture.  Studies  of  these  relationships  are  of  great  practical  and  theoretical  interest. 

Accordingly,  the  purpose  of  the  present  work  was  to  study  the  rates  of  reaction  of  sulfur  dioxide  with  met¬ 
al  oxides  in  presence  of  carbon  in  relation  to  the  temperature,  the  nature  of  the  metal  oxide,  and  the  carbon 
content  in  the  original  mixture.  It  was  also  desired  to  study  the  rate  of  conversion  of  various  metal  oxides  to 
the  sulfates  by  sulfur  dioxide,  and  the  possibility  of  adsorption  of  elemental  sulfur  on  carbon  at  high  tempera¬ 
tures. 


EXPERIMENTAL 

Dry  CuO,  C02O3,  Fe203,  ZnO,  Mn203,  AI2O3,  MgO  (analytical  reagent  grade)  and  Kahlbaum's  blood  charcoal 
free  from  volatile  matter  and  sulfur,  were  used  for  the  experiments.  For  studies  of  the  reaction  rates,  the  pure 
metal  oxides,  charcoal,  and  mixtures  of  metal  oxides  and  charcoal,  were  heated  in  a  laboratory  tube  furnace 
in  a  stream  of  dry  100 'fo  sulfur  dioxide  in  the  300-800*  range.  The  furnace  temperature  was  measured  by  means 
of  a  thermocouple  and  galvanometer,  and  regulated  by  means  of  an  autotransformer,  type  LATR-1.  The  gas 
rate  in  the  system  was  3.0  liters/hour  in  all  experiments,  and  the  duration  was  15  minutes. 

To  study  the  effect  of  the  contents  of  reducing  agent  on  the  rate  of  the  process,  mixtures  of  metal  oxides 
with  carbon,  containing  from  0.5  to  8.0  moles  of  carbon  per  mole  of  oxide,  were  heated.  The  reaction  of  sulfur 
dioxide  with  zinc  oxide  in  presence  of  carbon  was  studied  for  mixtures  with  carbon  contents  (M*  )  of  0.5,  1.0, 
2.0,  3.0,  and  4.0,  equivalent  to  carbon  contents  of  6.9,  12.9,  22.7,  30.6  and  37.1%  by  weight  in  the  original 
mixture.  The  weight  of  metal  oxide  was  0.5  g  in  each  case.  The  solid  reaction  products  were  analyzed. 

It  was  found  that  the  Eschka  method  [15]  gives  the  most  accurate  results  in  determinations  of  sulfur  in 
samples  containing  carbon.  Therefore,  the  total  sulfur  in  samples  containing  carbon  was  determined  by  this 
method.  The  results  obtained  for  the  interaction  of  sulfur  dioxide  with  metal  oxides  in  presence  of  carbon  were 
calculated  as  percentages  of  sulfide  sulfur.  Samples  obtained  in  the  treatment  of  metal  oxides  with  sulfur  di¬ 
oxide  were  analyzed  for  sulfate  sulfur.  For  this,  the  reaction  products  were  leached  out  with  2%  stannous  chlo¬ 
ride  and  sulfate  was  determined  gravimetrically.  The  results  were  calculated  as  percentages  of  sulfate  formed. 

The  principal  results  of  the  experiments  and  the  thermodynamic  calculations  are  given  in  Table  1-5  and 
Figs.  1-5. 

The  data  in  Table  3  show  that  the  sulfur  content  of  the  carbon  after  treatment  With  100%  sulfur  dioxide 
increases  with  the  temperature.  It  was  found  in  special  experiments  that  the  adsorbed  sulfur  is  firmly  bound  by 


*  Here  and  subsequently  M  is  the  content  of  carbon  in  the  original  mixture  in  moles  of  carbon  per  mole  of 
metal  oxide. 


876 


Fig.  3.  Reaction  of  sulfur  di¬ 
oxide  with  zinc  oxide  in  pre¬ 
sence  of  carbon.  Variation  of 
the  sulfidation  rate  with  the 
temperature  and  carbon  con¬ 
tent  of  the  original  mixture. 

A)  Degree  of  sulfidation  of 
ZnO  (^c),  B)  temperature  (®C). 
Carbon  content  M  of  the  origi¬ 
nal  mixture  (in  moles  C/mole 
oxideV.  1)  0.5,  2)  1.0,  3)  2.0, 
4)  3.0,  5)  4.0. 


Fig.  4.  Reaction  of  sulfur  di¬ 
oxide  with  manganese  oxide  in 
presence  of  carbon.  Variation 
of  the  sulfidation  rate  with  the 
temperature  and  carbon  content 
of  the  original  mixture. 

A)  Degree  of  sulfidation  of 
Mn208(®/o),  B)  temperature (“C). 
Carbon  content  M  of  the  original 
mixture  (in  moles  C/mole  oxide): 
1)  1.0,  2)  3.0,  3)  6.0,  4)  8.0. 


Fig.  5.  Reactions  of  sulfur 
dioxide  with  metal  oxides 
in  presence  of  carbon.  Var¬ 
iation  of  the  sulfidation  rate 
with  the  temperature  and  the 
nature  of  the  oxide, 

A)  Degree  of  sulfidation  of 
the  oxides  (%),  B)  tempera¬ 
ture  (“C). 

Oxides;  1)  AI2O3,  2)  MgO, 

3)  Fe2C^,  4)  ZnO,  5)  Mn20j, 
6)  C02O5.  7)  CuO. 

Carbon  contents  of  the  origi¬ 
nal  mixtures,  30%, 


the  carbon.  This  sulfur  could  not  be  extracted  from  the  carbon  even  by  treatment  with  carbon  disulfide  or 
toluene  for  three  days. 

These  facts  show  that  not  simple  but  activated  adsorption  of  sulfur  by  solid  carbon  occurs  in  this  case. 

Data  on  the  rate  of  sulfate  formation  by  the  action  of  100%  sulfur  dioxide  on  various  metal  oxides  are 
given  in  Table  4. 


TABLE  3 


TABLE  4 


Effect  of  Temperature  on  the  Degree  of  Reactions  of  Sulfur  Dioxide  with  Various 

Sorption  of  Elemental  Sulfur  by  Carbon  Metal  Oxides.  Effect  of  Temperature  on 

the  Rate  of  Sulfate  Fonnation 


Temperature 

(•Q 

600 

650 

700 

750 

800 

Metal 

Conversion  of  oxide  to  sul¬ 
fate  (%)at  temperatures  (  Q 

oxide 

300 

400 

500  j 

800  j 

700 

Sulfur  content 
in  carbon  after 
experiment 

(4^ 

MlloOg 

1 

15.0 

28.6 

47.2 

50.0 

22.5 

2.2 

4.3 

5.8 

6.3 

6.5 

CO2O3 

7.1 

11.3 

23.6 

21.8 

7.4 

F02O3 

4.4 

9.3 

4.2 

0.0 

0.0 

MgO 

1.8 

2.6 

•  3.5 

4.1 

4.4 
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The  oxides  ZnO,  MgO,  Fe203,  C02O3  and  Mn2(l3 
were  chosen  for  the  experiments.  It  was  found  by  prelim¬ 
inary  qualitative  analyses  tliat  the  final  solid  products 
formed  in  the  reactions  between  sulfur  dioxide  and  the 
oxides  in  the  300-700“  range  are:  for  MgO,  magnesium 
sulfate  and  traces  of  magnesium  sulfite;  for  Fe203  and 
C02O3,  the  corresponding  sulfates  and  elemental  sulfur; 
for  Mn203,  manganese  sulfate  and  sulfide.  lu  tlie  case  of 
ZnO  no  compounds  of  sulfur  with  the  zinc  were  found. 

It  follows  from  the  data  in  Table  4  that  the  sulfate 
formation  rate  as  a  function  of  the  temperature  lias  a 
maximum  for  the  oxides  of  iron,  cobalt,  and  manganese. 

In  the  case  of  magnesium  oxide  no  such  maximum  is 
found  in  the  300-700"  range,  as  magnesium  sulfate  decom¬ 
poses  at  a  lower  rate  than  the  sulfates  of  iron  [7],  cobalt, 
and  manganese  [8],  The  results  of  these  experiments  show 
that  when  100<yn  sulfur  dioxide  reacts  with  metal  oxides, 
sulfates  are  formed  according  to  Equations  (1)  and  (3);  the 
sulfites  are  oxidized  by  sulfur  dioxide,  and,  for  oxides  of 
iron,  cobalt,  and  manganese,  also  by  the  oxygen  which 
may  be  formed  according  to  the  equation 

Me203  ^  2MeO  +  Vz^a-  (l-'l) 

The  cause  of  the  maximum  on  the  sulfate  formation 
rate  -  temperature  curve  is  that  at  low  temperatures  the 
rate  of  sulfite  oxidation,  i.c.,  of  Reaction  (3),  is  low,  while 
at  high  temperatures  the  rate  of  sulfite  formation,  i.e.,  of 
Reaction  (1),  is  low. 

Data  on  the  reactions  of  100%  sulfur  dioxide  with 
various  metal  oxides  in  presence  of  carbon  are  given  in 
Table  5  and  Figs.  3-5. 

It  was  established  by  preliminary  qualitative  analy¬ 
ses  that,  in  650-800“  temperature  range,  the  final  solid 
products  of  these  reactions  are:  for  AI2O3,  elemental  sul¬ 
fur  only;  for  MgO,  elemental  sulfur  and  magnesium  sulfate 
and  sulfide;  for  ZnO  and  Fe203,  elemental  sulfur  and  tlie 
corresponding  sulfides;  for  CO2O3,  Mn203,  and  CuO,  ele¬ 
mental  sulfur,  the  corresponding  sulfides  and  sulfates  at 
low  temperatures,  and  only  the  sulfides  at  high  tempera¬ 
tures.  The  data  in  Table  5  and  Figs.  3-5  indicate  that  the 
sulfidation  rate,  in  general  rises  with  increasing  tempera¬ 
ture  and  carbon  content  of  the  original  mixture.  The  in¬ 
crease  of  the  sulfidation  rate  with  increasing  temperature 
and  carbon  content  in  the  original  mixture  is  due  to  the 
increased  rates  of  Reactions (6),  (10) -(12)  in  these  condi¬ 
tions,  It  is  true  that  in  the  low-temperature  region  the 
relationship  between  the  sulfidation  rate  and  temperature 
is  somewhat  different  for  the  oxides  of  cobalt,  manganese, 
and  magnesium.  However,  the  decrease  of  the  total  sulfur 
content  in  the  reaction  products  with  increase  of  tempera¬ 
ture  for  these  oxides  is  due  to  the  fact  that,  as  follows  from 
the  data  in  Table  3,  these  oxides  are  converted  fairly  rap¬ 
idly  into  sulfates  by  Reactions  (1)  and  (3).  As  the  temper¬ 
ature  rises,  tlic  rate  of  sulfate  formation  by  Reactions  (1) 


878 


and  (3)  diminishes;  the  reasons  for  this  were  discussed  earlier.  It  is  also  interesting  to  note  that,  as  is  shown  by 
the  data  in  Table  Fi  and  Fig,  3,  sulfidation  of  zinc  oxide  proceeds  at  an  appreciable  rate  even  at  650-700*,  i.e., 
at  a  temperature  at  which  the  reduction  of  zinc  oxide  by  carbon  proceeds  at  a  low  rate.  Hence  we  may  con¬ 
clude  that  the  presence  of  sulfur  in  the  gas  phase  increases  the  rate  of  reduction  of  zinc  oxide,  while  presence 
of  carbon  in  the  mixture  weakens  the  bonds  between  zinc  and  oxygen.  Favorable  conditions  are  thus  created  for 
exchange  between  elemental  sulfur  in  the  gas  phase  and  the  oxygen  in  zinc  oxide. 

It  follows  from  the  data  in  Table  5  and  Fig.  5  that  different  oxides  have  different  sulfidation  rates. 

For  equal  carbon  contents  in  the  original  mixtures,  all  the  oxides  studied  can  be  arranged  in  the  following 
sequence  of  degree  of  sulfidation:  AI2O3,  MgO,  Fe203,  ZnO,  MnjOs.  Co203.  CuO,  This  very  important  fact  has 
a  perfectly  definite  explanation.  It  shows  that  the  rate  of  reaction  of  sulfur  dioxide  with  metal  oxides  in  pre¬ 
sence  of  carbon,  in  the  kinetic  region,  is  limited  either  by  the  rate  of  reduction  of  the  metal  oxide,  or  by  the 
rate  of  sulfide  formation. 

If  we  return  to  the  arbitrary  division  of  all  the  lower  oxides  of  metals  into  three  groups,  we  find  from 
Table  5  and  Fig.  5  that  within  each  of  these  groups  the  rate  of  reaction  of  sulfur  dioxide  with  metal  oxides  in 
presence  of  carbon  is  limited  by  the  rate  of  sulfide  formation.  In  the  kinetic  region,  the  rate  of  sulfide  forma¬ 
tion  under  equal  conditions  will  be  proportional  to  the  difference  between  the  partial  pressure  of  elemental  sul¬ 
fur  in  the  gas  phase  and  the  dissociation  pressure  of  the  lower  sulfide  formed.  This  conclusion  can  be  confirmed 
by  analysis  of  the  data  in  Figs.  1,  2,  and  5.  It  is  true  that  Fig.  2  does  not  contain  data  on  the  dissociation  pres¬ 
sures  of  the  sulfides  of  cobalt,  magnesium,  and  aluminum,  since  such  data  are  not  available  at  present.  How¬ 
ever,  as  Volsky  [11]  showed,  in  a  number  of  cases  there  is  a  more  or  less  pronounced  relationship  between  the 
dissociation  pressure  of  a  sulfide  and  its  heat  formation  from  the  elements. 

The  heats  of  formation  of  sulfides  per  mole  of  gaseous  sulfur  have  the  following  values  (in  kcal/mole) 

[11]:  CaS  252.4,  MgS  198.0,  MnS  127,4,  AI2S3  123.6,  ZnS  120.6,  CoS  71.0,  NiS  70.0. 

These  values  suggest  that  magnesium  sulfide  should  have  a  low  dissociation  pressure,  while  the  dissociation 
pressures  of  nickel  and  cobalt  sulfides  probably  differ  for  each  other  only  slightly. 

If  we  now  turn  to  Figs.  1,  2,  and  5,  we  find  that,  corresponding  to  the  dissociation  pressures  of  the  sulfides 
formed,  the  metal  oxides  form  the  following  sequence  according  to  degree  of  sulfidation:  in  the  first  group  of 
oxides,  C02O3,  CuO  (lower  oxides  CoO  and  CU2O);  in  the  second  group,  Fe203,  ZnO,  Mn203  (lower  oxides  FeO, 
MnO);  and  in  the  third  group,  AI2O3  and  MgO. 

The  results  of  investigations  of  the  reactions  of  sulfur  dioxide  with  metal  oxides  in  presence  of  carbon  are 
not  only  of  theoretical  but  also  of  practical  interest.  The  conclusions  drawn  from  the  results  of  this  study  can  be 
used  for  prediction  of  some  aspects  of  the  behavior  of  various  oxides  in  smelting. 

Tlie  relationships  which  have  been  found  can  be  used  to  predict  the  composition  of  the  solid  products  of 
sulfate  reduction,  and  to  explain  many  features  of  tliis  process,  which  is  important  in  inorganic  technology.  For 
example,  it  can  be  stated  in  advance  that  in  the  reduction  of  cobalt  sulfate,  sulfide  formation  will  be  consider¬ 
able,  and  in  the  reduction  of  magnesium  sulfate  it  will  be  slight. 

Some  aspects  of  the  complex  process  of  sulfidation  of  metal  oxides  with  sulfur  dioxide  in  presence  of  car¬ 
bon  have  not  yet  been  studied,  and  research  in  this  very  interesting  direction  will  be  continued. 
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DETERMINATION  OF  THE  SOLUBILITY  OF  CARBON  DIOXIDE 
IN  AQUEOUS  SOLUTIONS  OF  SULFURIC  ACID 
BY  THE  ISOTOPIC  DILUTION  METHOD 

M.  K.  Shchennikova,  G.  G.  Devyatykh,  and  I.  A.  Korshunov 
The  Gorky  State  University 

The  isotopic  dilution  method  can  be  used  for  determinations  of  the  solubilities  of  sparingly  soluble  gases 
in  liquids. 

We  used  this  method  for  determination  of  the  solubility  of  carbon  dioxide  in  aqueous  sulfuric  acid  solu¬ 
tions.  This  is  a  matter  of  practical  importance,  as  it  is  related  to  the  conditions  necessary  for  the  most  com¬ 
plete  recovery  of  carbon  dioxide  from  solutions  by  means  of  sulfuric  acid. 

The  solubility  of  carbon  dioxide  in  aqueous  sulfuric  acid  solutions  has  been  determined  by  several  workers 
by  the  usual  methods,  and  at  room  temperatures  only.  Thus,  Secenow  (Sechenov)  [1]  carried  out  determinations 
at  17*,  Geffeken  [2],  at  15  and  25*  (in  dilute  sulfuric  acid  solutions  up  to  4  N),  Markham  and  Cobe  [3],  at  25*, 
and  Christoff  [4],  at  17  and  20*. 

With  the  use  of  the  isotopic  dilution  method  we  were  able  to  carry  out  the  determinations  at  higher  tem¬ 
peratures  (up  to  70-75"),  at  which  the  solubility  of  carbon  dioxide  is  low  and  its  determination  by  the  usual 
methods  is  very  difficult. 

EXPERIMENTAL 

Reagents.  Chemically  pure  sulfuric  acid  was  used;  solutions  of  the  required  concentrations  were  prepared 
in  redistilled  water.  The  purity  of  the  solutions  was  verified  polarographically.  The  visual  polarograph  made 
by  the  Gorky  Chemical  Research  Institute  at  the  Gorky  State  University  was  used,  at  a  shunt  ratio  of  1/25,  the 
polarograms  being  taken  after  hydrogen  had  been  blown  through  the  solutions  for  40  minutes.  The  sensitivity 

of  the  mirror  galvanometer  was  0.7  .  10“*’  amp.  The  carbon  tracer  was  the  radioactive  carbon  isotope  of 

mass  number  14. 

Method.  The  apparatus  used  for  the  solubility  determinations  is  shown  in  Fig.  1.  The  principal  compo¬ 
nents  of  the  unit  were:  the  column  C,  in  which  the  previously  degasified  solution  was  saturated  with  radioac¬ 
tive  carbon  dioxide;  a  flask  D,  into  which  samples  of  the  saturated  solutions  were  taken  and  in  which  the  active 
carbon  dioxide  in  the  samples  was  diluted  with  inactive  carbon  dioxide;  and  an  internally  filled  counter  T,  used 
for  determinations  of  the  radioactivity  of  the  original  gas  and  of  the  gas  in  the  sample  after  dilution.  All  the 
apparatus  was  made  from  molybdenum  glass.  The  part  of  the  apparatus  shown  in  the  upper  region  on  the  dia¬ 
gram  was  used  for  saturating  the  solution  in  the  column  C  with  active  carbon  dioxide.  This  was  made  by  de¬ 
composition  of  a  mixture  of  NaHC03  and  BaC^^03  by  means  of  607o  sulfuric  acid  in  the  vessel  a. 

The  temperature  of  the  column  was  kept  constant  by  circulation  of  water  from  an  ultrathermostat  through 
its  jacket.  The  lower  part  of  the  column,  with  a  side  tube  for  the  gas  feed,  was  kept  at  constant  temperature 
by  means  of  an  electric  heater.  The  temperature  in  the  column  was  recorded  by  means  of  an  internal  thermo¬ 
meter.  The  bulbs  A,  from  0.4  to  1  liter  in  capacity,  were  used  for  storage  of  the  active  carbon  dioxide.  The 
mercury  pump  P  was  used  to  maintain  constant  pressure  of  carbon  dioxide  while  the  gas  was  bubbled  through  the 
solution,  and  also  for  pumping  the  gas  from  one  vessel  into  another.  The  solution  saturation  time  was  usually 
between  1.5  and  3  hours,  depending  on  the  viscosity  of  the  solution.  Various  stopcocks  are  indicated  by  the 
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numbers  1-32.  Mercury  manometers  M  were  used  to  record  the  pressure  in  the  system.  Air  and  water  vapor 
were  removed  from  the  carbon  dioxide  by  freezing  it  by  means  of  liquid  oxygen  in  the  traps  T,  followed  by 
evacuation  of  the  air  by  means  of  an  oil  pump.  These  traps,  and  the  flasks  b  and  D,  were  connected  to  the 
system  by  ground-glass  joints. 


Fig.  1.  Apparatus  for  detennination  of  tlie  solubility  of  carbon 
dioxide  by  the  isotopic  dilution  method. 

Explanation  in  text. 

The  part  of  the  apparatus  shown  in  the  lower  portion  of  the  diagram  was  the  internally  filled  counter  sys¬ 
tem.  The  internally  filled  counter  was  a  gamma-ray  tube  with  a  copper  cathode  and  a  tungsten  anode.  The 
counter  tube  was  contained  in  a  lead  case  and  connected  to  a  type  B  counter  unit.  .The  position  of  the  "plateau" 
of  the  counter  tube  was  checked  at  intervals.  It  remained  practically  unchanged  after  repeated  filling  of  the 
counter  with  the  solution. 

The  absorption  coefficient  a  (the  volume  of  gas  in  ml,  reduced  to  standard  conditions,  absorbed  by  1  ml 
of  the  solvent  at  the  temperature  of  the  experiment,  at  a  partial  gas  pressure  of  760  mm  Hg)  was  calculated  by 
means  of  the  equation: 


.  Ai-d  -IQO 


(1) 
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Here  is  the  volume  of  carbon  dioxide  (in  ml),  reduced  to  standard  conditions,  taken  for  dilution  of  the 

sample;  Aj  is  the  activity  of  the  gas  (in  pulses  per  minute)  in  the  liquid  sample  after  dilution;  Aq  is  the  initial 
activity  of  the  gas  used  for  saturation  of  the  solution  in  the  column;  a  is  the  weight  of  the  solution  sample 
(in  g);  ^is  the  density  of  the  solvent  (in  g/cc)  at  tlie  temperature  of  the  experiment;  P  is  the  pressure  of  the 
gas  during  saturation  (in  mm  Hg)  as  shown  by  the  manometer  M3;  p  is  the  vapor  pressure  of  the  solution  in  the 
experimental  conditions.  To  test  the  accuracy  and  reproducibility  of  the  experiments,  the  solubility  of  carbon 
dioxide  in  distilled  water  was  determined;  this  value  is  relatively  high  and  has  been  determined  by  a  number 
of  workers  [5]  by  means  of  the  usual  metliods. 

The  results  of  our  determinations  are  given  in  Table  1. 

It  is  seen  that  our  values  for  the  absorption  coefficient  a  are  in  fairly  good  agreement  with  the  literature 
data,  while  deviations  between  the  results  of  parallel  experiments  do  not  exceed  7<^c. 


TABLE  1 


Solubility  of  Carbon  Dioxide  in  Distilled  Water 


Temperature 

(“Q 

Solubility  a 

( ml/  ml) 

Temperature 

CQ 

Solubility  a  (  ml/ ml) 

our  data 

literature 

data 

our  data 

literature 

data 

20 

0.88 

50 

0.441 

0.4.36 

20 

0.90 

60 

20 

0.88 

60 

0.341 

20 

0.91 

60 

0.333 

60 

mean 

0.89 

0.878 

60 

60 

0.313 

28 

0.72 

60 

0.349 

40 

0.55 

60 

0.356 

40 

0.54 

60 

0.330 

mean 

0.545 

0.530 

mean 

0.335 

0.359 

75 

0.235 

The  results  of  solubility  determinations,  carried  out  by  this  method,  for  carbon  dioxide  in  aqueous  sulfuric 
acid  solutions  are  given  in  Table  2.  Here  Ns  is  the  solubility  of  carbon  dioxide  expressed  in  mole  fractions. 

DISCUSSION  OF  RESULTS 

Effect  of  temperature  on  the  solubility  of  carbon  dioxide  in  aqueous  sulfuric  acid  solution.  The  tempera¬ 
ture  coefficient  of  the  solubility  of  carbon  dioxide  is  negative  for  all  the  solutions  studied.  A  typical  solubil¬ 
ity  -  temperature  graph  for  carbon  dioxide  is  shown  in  Fig.  2. 

As  is  known,  if  a  solution  of  a  gas  in  a  liquid  obeys  the  ideal  solution  laws,  a  graph  plotted  in  log  Ng — 
coordinates  can  be  used  to  calculate  the  differential  heat  of  solution  of  the  gas. 

In  Fig.  3  log  Ng  is  plotted  against  1/T  from  the  data  in  Table  2.  The  differential  heats  of  solution  are 
given  in  Table  3. 

It  is  seen  from  Table  3  that  the  heat  of  solution  of  carbon  dioxide  decreases  with  increasing  sulfuric  acid 
concentration.  This  can  evidently  be  attributed  to  a  lower  degree  of  chemical  interaction  of  carbon  dioxide  in 
sulfuric  acid  solutions  as  compared  with  solutions  of  carbon  dioxide  in  water.  This  is  in  good  agreement  with 
the  higher  values  for  the  heats  of  solution  of  gases  which  react  chemically  with  the  solvents  [6,  7].  These  data 
can  evidently  be  used  for  determination  of  the  ratio  between  the  chemically  bound  and  the  physically  dissolved 
carbon  dioxide. 

Effect  of  sulfuric  acid  concentration  on  the  solubility  of  carbon  dioxide.  Fig.  4  shows  the  solubility  of 
carbon  dioxide  as  a  function  of  the  sulfuric  acid  concentration,  based  on  the  data  in  Tables  1  and  2. 


TABLE  2 

Solubility  of  Carbon  Dioxide  in  Aqueous  Sulfuric  Acid  Solutions 


H2SO4  con-  I 
centration  Tempe- 

(inwt.^o) 


9.25 


30.5 


36.9 


42 


19 

19 

25 
27 
38 
38 
45 
50 
50 
56 
56 
60 
60 
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25 
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21 
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4.13 

3.55 
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1 

32 

40 

50 
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1 

60 
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20 
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9.33 
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TABLE  3 

Differential  Heats  of  Solution  L  of  Carbon  Dioxide 


Solvent 

Temperature 
range  (’Q 

L  cal/  mole 
(dt  io<yo) 

Distilled  water 

20  —60 

5000 

9.25% 

H2SO4 

19 

—60 

4400 

3O.50/0 

H2SO4 

18.5—77 

4300 

A20L 

H2SO4 

20  —76 

4150 

6I.60/0 

H2SO4 

15 

—75 

3700 

77.6O/0 

H2SO4 

25  —46 

2300/ 

884 


A 

3.70  \ 


A 


Fig.  2.  Effect  of  temperature  on  the  solu¬ 
bility  of  carbon  dioxide  in  9.2b^c  sulfuric 
acid. 

A)  Absorption  coefficient  ot,  B)  tempera- 
tureCQ. 


Fig.  3.  Log  Ng  as  a  function  of  1/T. 

A)  log  Ng,  B)  i  •  10\ 

Concentrations  of  H2SO4  (in  <yc):  1)  9.25,  2)  30.5, 
3)  42,  4)  61.6,  5)  77.6. 


It  is  seen  that  the  solubility  curve  passes  through  two  minima,  at  acid  concentrations  of  30  and  85<yc  by 
weight.  This  is  in  agreement  with  data  for  room  temperatures  [1,  4].  We  did  not  determine  the  solubility  of 
carbon  dioxide  at  acid  concentrations  above  85<fc,  and  the  value  for  concentrated  sulfuric  acid  was  taken  from 

the  literature  [1]. 


It  is  clear  from  Fig.  4  that  as  the  temperature 
increases  the  "depth"  of  these  minima  diminishes, 
and  the  curves  become  flatter.  The  decreasing  sol¬ 
ubility  of  carbon  dioxide  with  increase  of  sulfuric 
acid  concentration  in  dilute  solutions  (up  to  ~30<yc) 
may  be  attributed  to  the  fact  that  in  tliis  concentra¬ 
tion  range  sulfuric  acid  is  a  typical  electrolyte  (the 
conductivity  maximum  of  sulfuric  acid  is  at  about 
30<yc  [8])  and  therefore,  in  accordance  with  Sechen- 
ov's  equation  [9],  the  solubility  of  the  gas  should 
vary  steadily  with  increasing  electrolyte  concentra¬ 
tion. 


The  presence  of  a  maximum  on  the  solubil¬ 
ity  -  sulfuric  acid  concentration  curve  at  a  concen¬ 
tration  of  the  order  of  55<yc,  and  of  a  minimum  at 
a  concentration  of  ~85'yc  may  be  attributed  to  the 
existence  of  sulfuric  acid  hydrates  in  the  solution 
(H2SO4  •  4H2O,  in  the  first  case,  and  H2SO4  •  H2O 
in  the  second)  which  absorb  the  gas  to  different  ex¬ 
tents.  The  existence  of  sulfuric  acid  hydrates  was 
first  reported  by  Mendeleev  [10].  Kurnakov  [ll]studied 

the  phase  diagram  for  the  system  sulfuric  anhydride  -  water  and  concluded  that  the  following  hydrates  exist  in 
solution:  H2SO4  •  SO3,  H2SO4,  H2SO4  •  H2P,  H2SO4  •  21120,  H2SO4  •  4H2O,  H2SO4  •  nll20  (n  =  6.8).  The  existence 
of  hydrates  at  sulfuric  acid  concentrations  of  ~  55  and  85'yc  is  confirmed  by  Fig.  5,  whicli  shows  tlic  phase  dia¬ 
gram  for  the  system  sulfuric  acid  —  water,  viscosity  isotherms  for  this  system  at  35  and  50®  (from  Kurnakov’ s 


Fig.  4.  Variation  of  the  solubility  of  carbon 
dioxide  with  sulfuric  acid  concentration  at 
various  temperatures. 

A)  Absorption  coefficient  a,  B)  H2SO4  con¬ 
centration  (in  <^0  by  weight). 
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data  [11]),  the  electrical  conductivity  isothenn  at  18". 

[8],  and  the  solubility  isotherm  for  carbon  dioxide  at 
20*  from  our  data  (except  for  the  value  of  a  in  96,5'yc 
sulfuric  acid,  taken  from  the  literature  [1]). 

Varlamov  [12]  also  demonstrated  the  existence  of 
special  points  on  the  viscosity  -  composition  curve  cor¬ 
responding  to  sulfuric  acid  concentrations  of  55  and  85'ye. 
It  is  seen  in  Fig.  4  that  the  solubility  curves  become 
flatter  with  increase  of  temperature;  this  can  be  attrib¬ 
uted  to  dissociation  of  the  hydrates  into  the  components. 

SUMMARY 

1.  The  solubilities  of  carbon  dioxide  in  aqueous 
sulfuric  acid  solutions  have  been  determined  over  the 
18-75"  range  by  the  isotopic  dilution  method,  with  rad¬ 
ioactive  carbon  as  tracer. 

2.  The  temperature  —  solubility  relationship  was 
used  to  calculate  the  differential  heats  of  solution  of 
carbon  dioxide. 

3.  It  is  shown  that  the  solubility  curve  of  carbon 
dioxide  in  aqueous  sulfuric  acid  solutions  has  "special 
points"  associated  with  the  existence  of  hydrates. 
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Fig.  5.  Comparison  of  various  properties 
for  the  system  sulfuric  acid  -  water. 

A)  Solubility  of  CO2  (or),  B)  viscosity  co¬ 
efficient,  C)  temperature  (’Q,  D)  con¬ 
ductivity  K  (in  ohm"^  •  cm"i),  E)  H2SO4 
concentration  (<yc). 

Curves:  1)  Solubility  of  carbon  dioxide 
at  20";  a)  our  data,  b)  Secenow 's  data 
[1];  2)  conductivity  at  18"  [8];  3  and  4) 
viscosity  coefficient  t)  at  35  and  50*  re¬ 
spectively  [11];  5)  phase  diagram,  from 
Kurnakov’ s  data  [11]. 
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SECONDARY  PROCESSES  ON  AMPHOTERIC  ION  EX  C  H  A  N  G  E  R  E  SI  N  S 


AND  THE  POSSIBILITY  OF  THEIR  PRACTICAL  UTILIZATION 
A.  B.  Davankov,  V.  M.  Laufer,  and  L,  A.  Shits 


Synthetic  resins  obtained  by  polycondensation  and  polymerization  reactions  are  widely  used  in  various 
branches  of  the  national  economy. 

A  comparatively  new  field  of  application  for  synthetic  resins  is  sorption  technology.  However,  in  this 
field  also  considerable  progress  has  been  made  in  a  short  time.  Evidence  for  this  is  the  extensive  patent  and 
periodical  literature  on  the  theory  and  practice  of  ion  exchange.  The  great  majority  of  the  investigations  have 
dealt  with  studies  of  the  properties  and  applications  of  ion  exchange  resins,  determinations  of  the  laws  govern¬ 
ing  ion  exchange  processes,  etc.  [1]. 

However,  the  secondary  processes  accompanying  ion  exchange  have  not  received  due  attention  in  the 
literature,  although  in  some  instances  they  are  of  great  importance  and  have  a  significant  influence  on  the  final 
results  of  the  investigations.  Moreover,  secondary  processes  occurring  in  parallel  with  ion  exchange  or  subse¬ 
quent  to  it  are  of  independent  importance  and  can  sometimes  be  utilized  for  practical  purposes,  such  as  extrac¬ 
tion  and  accumulation  of  adsorbed  substances  on  the  resins  in  amounts  greater  than  the  total  exchange  capaci¬ 
ties  of  the  resins. 

Secondary  processes  accompanying  ion  exchange  include  molecular  adsorption,  oxidation  -  reduction  re¬ 
actions,  coagulation  ofvarious  types  of  dispersions  (latexes,  metallic  suspensions,  etc.)  by  the  resins,  etc. 

This  last  property  of  ion  exchange  resins  was  used  in  one  of  our  earlier  investigations  both  for  quantitative 
determinations  of  precious  metals  in  aqueous  dispersions,  and  for  recovery  of  precious  metals  (gold  and  silver) 
from  production  wastes  [2].  In  these  processes  the  multivalent  ions  of  the  resin  adsorbents  had  a  much  greater 
coagulating  effect  than  the  usual  electrolytes  such  as  Al2(S04)3,  FeC^  etc.;  this,  however,  is  in  full  agreement 
with  the  Shulze  -  Hardy  rule. 

The  results  suggest  that  ion  exchange  resins  will  soon  come  into  practical  use  as  a  new  and  highly  effec¬ 
tive  means  of  coagulation. 

In  the  present  paper  we  consider  the  practical  utilization  of  reduction  -  oxidation  processes  on  ion  ex¬ 
change  resins;  amphoteric  resins,  the  properties  of  which  have  been  studied  little  so  far,  were  investigated  in 
relation  to  their  reducing  activity.  This  group  of  adsorbents,  which  include  both  acid  and  basic  groups  in  their 
composition,  are  of  definite  interest  from  our  point  of  view:  such  resins  can  be  used  both  as  cation  and'as  anion 
exchangers  [3].  Amphoteric  ion  exchange  resins  have  special  advantages  for  the  extraction  of  amphoteric  ele¬ 
ments  and  also  of  elements  capable  of  forming  complexes. 

Among  the  large  group  of  ion  exchange  resins,  the  greatest  reducing  power,  according  to  Losev  and  Tev- 
lina  [4],  is  found  in  resins  made  by  condensation  of  phenol  and  its  derivatives  with  forni aldehyde.  This  property 
is  found  to  a  smaller  extent  in  resins  obtained  by  sulfonation  of  styrene  -  divinylbenzene  copolymers. 

Reduction  processes  on  ion  exchange  resins  were  observed  by  Prokhorov  and  Yankovsky  [5]  in  the  extrac¬ 
tion  of  silver  ions  from  aqueous  solutions  by  means  of  Wofatit  P. 

A  similar  effect  in  relation  to  silver  ions  was  also  observed  by  Lurye  and  Peremyslova  [6]  in  tests  on  Wofa¬ 
tit  P,  They  found  that  in  this  case  the  silver  is  reduced  by  the  resin  itself,  which  undergoes  a  chemical  change 
and  ultimately  loses  its  ion  exchange  properties. 
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In  contrast  to  cation  exchange  resins,  anion  excliangers,  according  to  the  same  authors,  are  typical  cata¬ 
lysts  and  do  not  change  their  capacity  in  course  of  time.  In  tlieir  presence  adsorbed  anions  containing  silver, 
such  as  [Ag(S203)2T".  decompose  according  to  the  equation 

2[Ag(  $203)2]'"  Ag2S203  +  3S2O3, 

^82^2^3  +  ^^2®  ^^82^  +  H2SO4. 

The  silver  sulfide  formed  remains  on  the  adsorbent  and  the  adsorption  capacity  of  the  resin  for  the  com¬ 
plex  silver  anion  returns  to  the  original  level.  Thus,  after  a  certain  "rest"  period  the  resin  again  becomes  cap¬ 
able  of  exchanging  the  SO'4  ions  present  in  it  for  [Ag(S203)2]"'  ions. 

In  28  cycles  of  silver- ion  sorption  (with  regeneration  of  the  resin  after  each  cycle  with  caustic  soda  solu¬ 
tion.  and  "charging"  of  the  resin  with  SO’4'  ions\  these  authors  [6]  succeeded  in  accumulating  61<yc  of  silver, 
calculated  on  the  resin  weight,  on  the  anion  exchanger. 

In  addition  to  reduction  of  silver,  the  reduction  of  mercury  and  other  metals  from  their  salts  has  been  re¬ 
ported  in  the  literature. 

All  this  shows  that  the  secondary  processes  accompanying  ion  exchange,  and  also  processes  inducted  arti¬ 
ficially  on  ion  exchange  resins,  might  be  very  effectively  used  for  practical  purposes,  such  as  the  extraction  of 
precious  metals  (gold,  platinum,  silver,  etc.)  from  industrial  wastes. 

The  aim  of  the  present  investigation  was  to  confirm  that  amphoteric  ion  exchange  resins  have  reducing 
properties  and  to  use  both  natural  and  artificial  reduction  for  accumulation  of  considerable  amounts  of  metallic 
silver  on  ion  exchange  resins  during  the  sorption  process.  Artificial  reduction,  induced  on  ion  exchange  resins 
with  the  aid  of  available  reducing  agents,  may  have  advantages  over  spontaneous  reduction  by  the  catalytic 
action  or  oxidizability  of  the  resins,  both  with  regard  to  a  considerable  saving  of  time,  and  with  regard  to  re¬ 
producibility  of  the  results. 

In  addition  to  reduction  processes,  we  also  studied  the  possibility  of  simultaneous  or  consecutive  sorption 
of  cations  and  anions  on  the  same  adsorbent,  and  compared  the  capacities  of  amphoteric  resins  with  the  ion  ex¬ 
change  capacities  of  known  anion  and  cation  exchangers. 

The  material  used  was  "VST"  amphoteric  resin  synthesized  by  us;  this  differed  from  the  previously  de¬ 
scribed  "VS"  resin  by  a  higher  sulfur  content  (10. 25'yc  on  the  weight  of  the  resin),  of  whicli  not  more  than  one 
third  belongs  to  active  SO3H  groups.  The  remaining  sulfur  in  the  resin  is  not  active,  as  it  forms  part  of  the 
resin  "skeleton"  and  has  no  significant  influence  on  the  ion  exchange  process. 

A  second  characteristic  of  "VST"  amphoteric  resin  is  the  higher  nitrogen  content,  and  hence  greater  basic¬ 
ity,  than  that  of  "VS"  resin. 

The  technical  characteristics  of  "VST"  resin  are:  white  color,  bulk  density  of  the  air-dry  resin  (with  0.5- 
1.0  mm' grains)  0.46,  moisture  content  of  the  air-dry  resin  true  specific  gravity  1.135,  volume  increase  on 
swelling  in  water  12<7c. 

The  static  exchange  capacities  (in  meq/g>  for  ions  of  0.1  N  solutions  of  acids  and  salts  are:  Cl'  3.3; 

Sa\  3.8,  CH3COO'  0.95,  K‘1.0;  Ag*1.02. 

The  extraction  of  silver  ions  was  carried  out  under  dynamic  conditions.  5  g  of  the  air- dry  resin  was  placed 
in  a  glass  tube  of  50  mm^  cross-section.  Through  a  30  cm  layer  of  this  resin  NaOH  solution  was  passed  in 
order  to  convert  the  acid  groups  of  the  resin  into  the  Na  form;  this  was  followed  (after  excess  alkali  had  been 
washed  out  with  distilled  water  )  by  silver  nitrate  solution  with  a  concentration  of  0.0695  g-equiv/liter  in  the 
first  8  cycles,  and  0.0750  g-equiv/liter  in  all  subsequent  cycles;  the  percolation  rate  of  the  solution  through  the 
resin  was  2  ml/minute.  "Breakthrough"  of  Ag'  ions  was  tested  for  by  means  of  NaCl  solution.  After  "break¬ 
through"  occurred  in  the  first  two  sorption  cycles,  the  resin  was  washed  with  water  until  all  traces  of  AgN03  had 
been  removed  from  the  resin,  and  the  flow  of  solution  through  the  resin  was  resumed.  In  all  tlie  subsequent 
cycles  the  adsorbent  was  not  washed  with  water.  Together  with  the  sorption  of  silver  ions,  especially  after  the 
resin  had  been  left  at  rest  for  some  time,  the  reduction  of  silver  ions  to  the  metal  was  observed  on  the  resin,  as 
indicated  by  blackening  of  the  resin  and  recovery  of  its  capacity  for  further  absorption  of  silver  ions  from  solution. 
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When  silver  ions  appeared  in  the  filtrate,  tlie  flow  of  the  silver  nitrate  solution  was  stopped,  and  25  ml  of 
hydroquinone  solution,  containing  0.5  ml  of  ammonia  solution,  was  passed  through  the  resin.  The  silver 
cations  extracted  by  the  resin  were  then  reduced  to  the  metal  by  the  hydroquinone. 

At  the  end  of  the  experiment  the  resin  grains  became  coated  with  silver,  crystals  of  which  were  visible  to 
the  naked  eye.  The  reduction  of  silver  ions  to  the  metal  occurred  according  to  the  scheme; 

2110R-  SOjAg  +  C6H4  (011)2  +  2NH4OH 

2HOR  -  SO3NH4  +  C6H4O2  +  2Ag“  +  2H20. 

In  the  subsequent  adsorption  cycles  the  NH^(or  H')  ions  were  again  replaced  by  Ag*  ions,  and  this  was 
repeated  until,  as  the  result  of  22  consecutive  sorption  cycles  and  the  same  number  of  reductions,  4.57  g  of 
metallic  silver  accumulated  on  the  resin,  corresponding  to  107«yc  on  the  dry  resin  weight,  or  9.96  rneq/g.  The 
sorption  capacity  of  the  resin  was  not  fully  exhausted,  as  is  shown  by  the  data  in  the  Table,  although  the  rela¬ 
tive  capacity  of  the  resin  fell  gradually  in  successive  cycles. 

Extraction  of  Silver  Ions  from  AgN03  Solution  by  "VST"  Am¬ 
photeric  Resin 


Concentra  - 
tion  of 
AgNOj  solu 
tion  ( meq/ 
liter) 

Number  of 
ml  of  AgNOj 
solution 
passed  before 
oreakthrough 
of  Ag  ionff^ 

Amount  of  Ag  adsorbed 

g 

°Jo  on  the 
weight  of 
dry  resin 

meq/g 

■ 

(50 

0.4493 

10.57 

0.98 

20 

0.1498 

3.52 

0.33 

45 

0.3.371 

7.93 

0.73 

■1 

40 

0.2996 

7.05 

0.65 

0.0095 

■ 

31 

0.2321 

5.47 

0.51 

32 

0.2397 

5.64 

0.52 

32 

0.2397 

5.64 

0.52 

30 

0.2246 

5.28 

0.49 

0.2180 

5.13 

0.48 

0.2261 

5.33 

0.49 

23 

0.1857 

4.37 

0.40 

23 

0.1857 

4.37 

0.40 

27 

0.2180 

5.13 

0.48 

26 

0.2100 

4.94 

0.46 

24 

0.1939 

4.56 

0.42 

0.0750 

17 

0.1373 

3.23 

0.30 

15 

0.1211 

2.85 

0.26 

17 

0.1375 

3.23 

0.30 

15 

0.1211 

2.85 

0.26 

20 

0.1615 

3.80 

0.36 

IS 

0.1453 

3.42 

0.32 

17 

0.1373 

3.23 

0.30 

Total  1 

5S7 

4.5704 

107.54 

9.96 

It  is  difficult  to  say  whether  the  decrease  of  the  exchange  capacity  of  the  resin  was  the  result  of  cliemical 
changes  in  its  composition,  as  was  the  case  in  Luryc  and  Peremyslova's  experiments  with  a  cation  exchange 
resin,  or  whether  it  was  the  result  of  filling  of  the  surface  and  the  internal  pores  of  the  amplioteric  resin  with 
crystals  of  metallic  silver,  so  that  the  functional  groups  in  the  resin  became  less  accessible  to  the  silver  ions 
present  in  solution.  This  question  can  only  be  answered  after  removal  of  the  silver  from  the  surface  of  the  resin 
and  repeated  tests  of  the  ion  exchange  capacity  of  the  regenerated  resin. 

In  the  present  investigation  silver  was  isolated  from  the  resin  by  combustion  of  tlie  latter;  the  amounts  of 
silver  obtained  in  this  way  were  in  good  agreement  with  calculated  data  (i.e.,  amounts  of  silver  present  in  the 
solution  before  it  entered  the  adsorption  column). 

An  x-ray  photograph  showed  that  most  of  the  silver  was  present  in  the  upper  layers  of  the  adsorbent,  while 
the  silver  content  of  the  lower  layers  was  considerably  less. 


889 


In  this  way  the  conditions  were  found  for  accumulation  of  considerable  amounts  of  silver  on  tlie  absorbent 
by  alternate  utilization  of  cation  excliange  and  secondary  processes  (reduction)  on  an  ion  excliange  resin. 

A  similar  attempt  was  then  made  in  tlie  extraction  of  complex  Ag(CN)2  anions  from  [KAg((:N)2].  How¬ 
ever,  this  attempt  was  not  successful  because  the  basic  groups  of  the  amplioteric  resin  dissociate  only  very 
slightly  in  neutral  and  alkaline  solutions;  when  tlie  [KAg(CN)2J  solution  was  acidified,  AgCN  was  precipitated. 

To  avoid  this  difficulty  and  to  demonstrate  the  possibility  of  simultaneous  or  consecutive  sorption  of 
cations  and  anions  on  amphoteric  ion  exchange  resins,  we  used  a  solution  of  potassium  cyanoaurate;  acidifica¬ 
tion  of  this  salt  (in  contrast  to  the  analogous  silver  salt)  yields  the  fairly  stable  cyanoauric  acid  [IiAu(CN)2], 
the  complex  anion  of  which,  Au(CN)2,  was  satisfactorily  exchanged  with  the  corresponding  anions  of  the  am¬ 
photeric  resin  (OH  ',  Cl',  NO3,  etc.).  No  insoluble  precipitate  of  gold  cyanide  was  formed  in  this  case. 

The  extraction  of  Au(CN)2'  anions  was  carried  out  under  the  same  conditions  as  for  silver  cations,  tlie 
only  difference  being  that  the  pH  of  the  original  solution  was  3.5,  and  the  gold  concentration  was  20  mg  (as 
metallic  gold)  per  liter;  the  amphoteric  resin  was  used  in  the  chloride  form;  the  solution  was  percolated  through 
the  adsorption  column  with  the  resin  at  an  average  rate  of  2-3  ml/minute. 

Breakthrough  of  gold  anions  was  detected  after  22.625  liters  of  solution  had  passed  through  the  adsorbent; 
from  this,  5  g  of  the  air-dry  resin  extracted  425.5  mg  of  gold,  wliich  was  lO.Ol'yc  on  the  weiglit  of  the  absolutely 
dry  resin,  or  0.92  mcq/ liter. 

The  flow  of  potassium  cyanoaurate  solution  was  then  stopped,  and  the  resin  was  washed  first  with  100  ml 
of  b'Vc  ammonia  solution,  and  then  with  distilled  water. 

Tlie  reason  for  using  ammonia  to  wash  tlie  adsorbent  was  to  replace  the  hydrogen  ions  in  the  acid  groups 
of  the  resin  by  NH^  ions  (according  to  the  sclicme  HOR  •  SO3H  +  NH4OH  -->  HOR  ~  SO3NH4  +  H2O)  which  are 
more  readily  exchanged  than  are  hydrogen  ions,  in  particular  for  silver  cations  Ag‘,  as  it  was  intended  to  use 
the  resin  for  adsorption  of  the  latter  without  previous  removal  of  the  adsorbed  gold  cations. 

However,  the  attempt  to  bring  about  consecutive  sorption  and  accumulation  of  considerable  amounts  of 
gold  anions  and  silver  cations  on  the  amphoteric  resin  proved  unsuccessful,  as  the  ammonia  .solution  displaced 
95<%  of  the  initial  gold  content  from  the  resin.  This  high  degree  of  regeneration  of  the  resin  by  weak  ammonia 
solution  proved  somewhat  unexpected,  although  very  interesting  from  the  practical  standpoint,  despite  the  fact 
that  it  prevented  us  from  taking  the  experiment  to  its  logical  conclusion. 

A  fresh  portion  of  air-dry  "VST"  amplioteric  resin,  5  g  in  weight,  was  taken,  and  666  ml  of  0.01  N  AgNf)3 
solution  (K  =  1.26)  was  passed  at  a  rate  of  6  ml/minute  through  a  25  cm  layer  of  this  resin  in  a  glass  tube  7.5 
mm  in  diameter.  The  resin  was  taken  in  the  hydroxyl  form,  and  the  silver  nitrate  solution  was  passed  in  four 
stages,  with  intervals  of  several  hours  (3-16)  to  3  days. 

After  "rest"  the  resin  regained  its  capacity  for  ion  exchange,  and  it  was  thus  possible  to  accumulate  634 
mg  of  silver,  calculated  as  the  metal,  on  it.  (The  amount  of  silver  adsorbed  by  the  resin  was  found  from  the 
difference  of  the  silver  contents  of  the  solution  before  and  after  percolation  through  the  resin.) 

The  resin  was  then  washed  with  5'yc  hydrochloric  acid  solution  to  convert  the  basic  groups  into  the  chloride 
form  (HO3SRNH3CI),  and  then  19  liters  (until  "breakthrough"  of  gold  ions)  of  potassium  cyanoaurate  solution  con¬ 
taining  20  mg  of  gold  per  liter,  acidified  to  pH  3.5  was  passed  through  it.  After  combustion  of  the  re.sin  and 
cupellation  of  the  ash,  an  alloy  of  gold  and  silver  weighting  0.9724  g  was  obtained;  0.380  g  of  this  was  gold,  and 
0.5924  g  silver. 

It  was  thus  demonstrated  that  consecutive  extraction  of  silver  cations  and  gold  anions  from  aqueous  solu¬ 
tions  by  means  of  the  same  adsorbent,  namely  "VST"  ion  exchange  resin,  is  possible.  Therefore,  amphoteric 
ion  exchange  resins  may  have  certain  advantages  in  this  respect  over  the  usual  cation  and  anion  exchangers, 
especially  if,  in  addition  to  ion  exchange  processes,  secondary  processes  (reduction,  coagulation,  precipitation, 
etc.)  are  used  for  accumulation  of  valuable  substances  on  them. 

SUMMARY 

1.  The  possibility  of  separate  or  consecutive  extraction  of  silver  cations  and  gold  anions  from  aqueous 
solutions  by  means  of  a  synthetic  amphoteric  ion  exchange  resin  has  been  demonstrated. 
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2.  By  the  use  of  ion  exchange  and  of  secondary  reactions  on  ion  exchange  resins  it  is  possible  to  concen¬ 
trate  considerable  amounts  of  adsorbate  (over  lOQo/c  on  the  weight  of  tlie  adsorbent)  on  the  resins. 

Conditions  for  regeneration  of  tlie  resin  and  extraction  of  precious  metals  from  it  after  adsorption  Iiave 
been  found. 
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CHEMICAL  SELECTIVITY  OF  PHOSPHATE  AND  CALCITE 
IN  ORES  WITH  RECOVERY  OF  THE  REAGENTS 


A.  S.  Chernyak 


Beneficiation  of  skarn  rocks  and  certain  sedimentary  rocks  yields  collective  concentrates  which  contain 
calcite  in  addition  to  valuable  calcium  minerals  (scheelite,  apatite,  phosphate).  Separation  of  these  concen¬ 
trates  frequently  involves  technical  difficulties  and  high  losses  of  valuable  minerals  with  the  calcite. 

Combinations  of  calcium  minerals  which  have  to  be  separated  are  "calcite  -  scheelite,"  "calcite  —  apa¬ 
tite,"  "  calcite  -  phosphate,"  and  "calcite  -  scheelite  -  apatite." 

For  ores  in  which  these  minerals  are  finely  disseminated,  mechanical  separation  is  impossible  at  the  de¬ 
grees  of  subdivision  possible  in  practice.  Together  with  the  known  instances  of  successful  separation  of  calcium 
minerals  by  flotation  and  other  mechanical  beneficiation  methods,  examples  may  be  cited  when  these  methods 
have  been  unsuccessful.  For  example,  at  the  Getchell  Mine  in  the  U.S.A.,  where  scheelite  ores  from  six  dif¬ 
ferent  sources  are  treated  [1],  and  in  the  beneficiation  of  certain  phosphorite  rocks  [2],  the  problem  was  solved 
only  by  chemical  beneficiation  of  the  combined  concentrates,  by  leaching  out  the  calcite  with  hydrochloric 
acid  or  ammonium  chloride  solutions. 

Selective  separation  of  calcite  from  such  ores  is  necessary,  as  in  many  cases  acid  processes  for  the  win¬ 
ning  of  valuable  minerals  are  used. 

The  development  of  acceptable  methods  for  separation  of  calcite  is  especially  important  in  relation  to 
the  utilization  of  low  grade  sedimentary  rocks  containing  large  reserves  of  valuable  components. 

The  foregoing  considerations  prompted  the  present  work  on  the  chemical  separation  of  calcium  minerals 
in  ores. 

Two  methods  of  chemical  separation  were  of  greatest  practical  interest  in  this  connection:  1)  selective 
dissolution  of  calcite  or  apatite,  whereby  it  is  possible  to  obtain  flotation  concentrates  of  good  quality,  to  sep¬ 
arate  calcite,  apatite,  and  scheelite,  and  to  decrease  the  consumption  of  acid  in  the  subsequent  treatment;  2) 
binding  of  the  carbonate  calcium  in  the  form  of  compounds  which  are  insoluble  during  the  subsequent  leaching 
of  the  valuable  component,  in  order  to  decrease  acid  consumption. 

It  was  taken  into  consideration  that  either  method  could  only  be  technologically  suitable  and  economi¬ 
cally  acceptable  on  the  condition  that  the  reagents  used  for  the  chemical  separation  are  recovered. 

In  our  opinion,  recovery  schemes  in  which  components  liberated  into  the  gas  phase  are  recovered  are  of 
considerable  interest. 

Alternative  methods  for  solving  this  problem  in  relation  to  low-grade  carbonate  —  phosphate  rocks  are 
given  below. 

These  methods  and  schemes  for  chemical  separation  have  been  designed  in  relation  to  conversion  of  the 
raw  material  into  precipitated  dicalcium  phosphate.  However,  they  may  be  used  in  other  cases  with  the  object 
of  reducing  the  consumption  of  acid  for  decomposition  of  calcite. 

The  investigations  on  the  selective  leaching  of  calcite  were  carried  out  by  the  author,  with  the  participa¬ 
tion  of  N.  G.  Rudenko  and  V.  A.  Rudakov  in  some  sections  of  the  work. 
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The  method  for  binding  carbonate  calcium,  suggested  by  I.  K.  Skobeev  and  V.  V.  Lodeishchikov  in  Ir- 
giredmet,*  was  studied  on  a  larger  scale  and  in  an  experimental  semiworks  unit  by  the  author  witli  V.  V, 
Lodeishchikov. 


EX  PERIMENT  AL 

Flotation  concentrates  obtained  by  bencficiation  of  a  lean  carbonate  -  phosphate  rock  were  used  for  the 
investigation.  The  rock  contained  2-4'%  P2O5.  From  it  was  isolated  a  combined  carbonate  -  phosphate  flotation 
concentrate  containing  P2O5  and  40-50%  of  calcite.  Flotation  separation  of  this  concentrate  involved 

phosphorus  losses  of  the  order  of  10<%  and  over,  but  despite  this  the  selective  flotation  concentrates  contained 
20-25%  of  calcite.  In  addition,  this  stage  yielded  a  carbonate  -  phosphate  product,  similar  in  composition  to 
the  combined  flotation  concentrate,  in  3%  yield  calculated  on  the  rock,  with  8%  extraction  of  phosphorus  from 
it. 

Acidulation  both  of  the  combined  and  of  the  selective  flotation  concentrates  involves  very  high  consump¬ 
tion  of  sulfuric  acid,  as  decomposition  of  the  calcite  requires  400-450  kg  of  sulfuric  acid  per  ton  of  flotation 

concentrate  in  the  first  case,  and  about  200  kg  in  the 
second. 

Selective  leaching  of  calcite.  The  experiments 
commenced  with  a  searcli  for  selective  solvents  for  cal¬ 
cite.  It  is  known  that  this  mineral  is  chemically  less 
stable  than  apatite  or  sedimentary  phosphate. 

Very  dilute  (0. 5-2.0%)  solutions  of  hydrochloric 
and  nitric  acids  were  found  to  act  as  selective  solvents 
for  the  material  in  question.  The  use  of  nitric  acid  is  to 
some  extent  economically  justifiable,  as  calcium  nitrate 
can  be  isolated  from  the  resultant  liquors. 

The  results  of  selective  leaching  of  calcite  and 
phosphate  with  dilute  solutions  of  mineral  acids  are  shown 
graphically  in  Fig.  1. 

The  positive  result  obtained  with  dilute  solutions  of 
strong  acids  suggested  the  use  of  an  acid  of  moderate 
strength  -  sulfurous—  for  this  purpose.  The  decomposition 
of  phosphate  rocks  with  sulfurous  acid  has  already  been 
studied  in  detail.  However,  examination  of  the  literature 
data  on  this  subject  [3-5]  showed  that  for  satisfactory  de¬ 
composition  of  phosphate  or  apatite  it  is  necessary  to  use 
a  4  to  6-fold  excess  of  sulfur  dioxide  over  the  theoretical 
amount,  even  if  100%  sulfur  dioxide  or  saturated  aqueous 
SO2  is  used.  In  many  cases  the  phosphorous  remains 
known,  however,  the  calcite  is  easily  leached  out  with  dilute 

Technical  sulfur  dioxide,  supplied  in  cylinders  by  the  Chernorechensky  Combine,  was  used  for  the  experi¬ 
ments. 

The  first  experiments  were  performed  with  a  fairly  dense  aqueous  pulp  (with  liquid  -  solid  ratios  of  2  to 
5  to  1),  through  which  sulfur  dioxide  was  passed  continuously  with  stirring,  with  the  H2SOS  concentration  in  the 
solution  maintained  at  the  desired  level. 

It  was  later  found  that  the  factor  determining  complete  dissolution  of  the  calcite  is  the  total  amount  of 
sulfurous  acid  supplied  into  the  process.  It  was  therefore  possible  to  use  another  method.  A  solution  of  definite 


Fig.  1.  Selective  leaching  of  calcite 
with  dilute  solutions  of  hydrochloric 
and  nitric  acids. 

A)  Extraction  into  solution  (%),  B)  con¬ 
centration  of  acid  (%). 

1,  2)  Extraction  of  carbonate  calcium 
into  solutions  of  HCl  and  HNO3  respec¬ 
tively,  3,  4)  extraction  of  phosphorus 
into  the  same  solutions. 


in  the  solid  phase  as  dicalcium  phosphate.  It  is 
solutions  of  sulfurous  acid. 


*  The  Irkutsk  State  Institute  of  Rare  Metals. 


concentration,  containing  tlie  amount  of  sulfurous  acid  necessary  for  leaching  out  the  calcite,  was  first  prepared. 
The  degree  of  dilution  of  the  pulp  depended  on  the  concentration  and  the  total  amount  of  sulfur  dioxide. 

The  amount  of  sulfurous  acid  required,  determined  experimentally,  is  in  practice  close  to  the  stoichio¬ 
metric  amount  as  given  by  the  equation 

CaCOj  +  2H2SO3  Ca(HS03)2  +  COj  +  H2O.  (1) 

Analysis  of  the  cakes  obtained  under  different  conditions  of  sulfur  dioxide  leaching  showed  that  usually 
the  calcite  was  almost  entirely  decomposed,  and  that  the  degree  of  removal  of  calcium  mainly  depends  on  the 
degree  of  conversion  of  calcium  sulfite  to  bisulfite. 

It  was  found  experimentally  that  sulfurous  acid  solutions  containing  about  30-50  g  H2SO3  per  liter  dissolve 
calcite  almost  completely  (to  SO-OO'yc)  with  hardly  any  extraction  of  phosphorus.  The  results  of  laboratory  trials 
of  sulfurous  acid  leaching  carried  out  on  200  g  samples  of  flotation  concentrate,  are  given  in  the  Table. 

Results  of  Laboratory  Experiments  on  Leaching  of  Calcite  with  Sulfurous  Acid  from  Flota¬ 
tion  Concentrates  with  Different  Concentrations  of  Calcite  and  Phosphate 


Contents  in  the  original 
flotation  concentrate  (<7fl) 

Leaching  conditions 

Extracted  into  solution 

_ m _ 

Carbonate 

CaO 

P.Oj 

residual  con  -  I 
:entration  of  | 
HiSOaCing/lltJ 

liquid -solid 
ratio 

Carbonate 

CaO 

PjO, 

19.4 

12.4 

74 

2 

1 

69.8 

Traces 

19.4 

12.4 

75 

2.5 

1 

71.2 

19.4 

12.4 

76 

3 

1 

84.2 

2.8 

19.4 

12.4 

65 

4 

1 

84.6 

3.6 

19.4 

12.4 

38 

6 

1 

71.0 

0.6 

19.4 

12.4 

51 

6 

1 

88.0 

1.2 

19.4 

12.4 

62 

6 

1 

83.6 

3.9 

19.4 

12.4 

66 

6 

1 

86.0 

3.2 

16.9 

12.0 

50 

5 

1 

82.0 

Tij^ces 

20.0 

11.6 

50 

5 

1 

93.4 

19.4 

12.4 

38 

10 

1 

86.0 

7.1 

19.4 

12.4 

50 

10 

1 

90.6 

6.4 

'28.3 

5.7 

51 

4 

1 

76.9 

1.2 

28.3 

5.7 

57 

4 

1 

72.4 

2.2 

28.3 

5.7 

59 

6 

1 

75.0 

7.5 

28.3 

5.7 

73 

6 

1 

87.8 

4.4 

28.3 

5.7 

56 

8 

1 

80.0 

14.0 

28.3 

5.7 

24 

10 

1 

55.6 

8.7 

28.3 

5.7 

41 

10 

1 

80.6 

13.8 

28.3 

5.7 

100 

10 

1 

95.8 

15.4 

28.8 

6.4 

40* 

17 

1 

42.0 

7.0 

28.8 

6.4 

40* 

18 

1 

63.0 

18.8 

28.8 

6.4 

30* 

23 

1 

44.0 

10.4 

*  Initial  concentration. 

The  extraction  of  phosphorus  into  the  sulfurous  acid  solution  depends  to  a  considerable  extent  on  the  di¬ 
lution  of  the  pulp  -  the  liquid  -  solid  ratio  -  and  increases  at  liquid  -  solid  ratios  of  8  ;  1  and  over.  This  was 
especially  prominent  in  experiments  carried  out  by  the  second  alternative  method  with  liquid  -  solid  ratios  be¬ 
tween  17  and  23  to  1.  With  thicker  pulps  the  extraction  of  phosphorus  into  solution  does  not  exceed  l-S'yc. 

Study  of  the  chemical  properties  and  characteristics  of  the  calcium  salts  of  sulfurous  and  phosphoric  acids 
provided  the  solution  to  another  important  problem  -  recovery  of  the  sulfurous  acid,  as  without  recovery  chem¬ 
ical  separation  would  merely  result  in  replacement  of  part  of  the  sulfuric  acid  by  sulfurous. 

The  calcium  bisulfite  formed  according  to  Equation  (1)  is  a  readily  soluble  salt,  but  it  can  only  exist  in 
solution  in  presence  of  excess  SO2.  When  the  latter  is  removed  from  solution,  the  normal  salt  CaS03  •  2H2O  is 
quantitatively  precipitated: 


t 

Ca  (HSO,)^  +  HjO  ->  CaSOj  •  2H2O  +  SO^. 


(2) 


Decomposition  of  the  acid  salt  in  solution  is  therefore  accompanied  by  liberation  into  the  gas  phase  of 
half  the  total  SO2  used  for  leaching  out  the  calcite. 


Moreover,  it  was  found  that  the  SO2  combined  in  normal  calcium  sulfite  can  also  be  recovered.  The  re¬ 
duction  of  calcium  sulfite  to  sulfide,  with  treatment  of  the  CaS  with  steam  followed  by  combustion  of  the  hy¬ 
drogen  sulfide,  was  first  studied.  The  experiments  showed  that  up  to  80<7c  of  the  SO2  present  in  CaS03  can  be 
recovered  in  this  way.  The  reduction  is  most  complete  at  700*.  Attempts  were  made,  without  success,  to  bring 
about  thermal  dissociation  of  calcium  sulfite.  A  simpler  and  acceptable  solution  to  the  problem  was  then 
found  -  decomposition  of  calcium  sulfite  by  phosphoric  acid  solution. 


It  was  found  that  SO2  can  be  liberated  quantitatively  from  calcium  sulfite  if  the  latter  is  put  into  phos¬ 
phoric  acid  solution.  As  in  the  process  under  consideration  phosphoric  acid  solutions  are  obtained,  used  later 
for  precipitation  of  dicalcium  phosphate,  this  method  must  be  regarded  as  the  most  suitable. 


This  stage  of  the  process  can  be  represented  by  the  equation 

H3PO4  +  CaS03 . 2H20->  CaHPO^  •  2H2O  +  S(^  +  H2O. 


(3) 


This  course  of.  Reaction  (3)  and  its  definite  shift  to  the  right  were  confirmed  by  x-ray  structure  analysis 
of  the  solid  reaction  product. 

These  results  led  to  the  development  of  a  recovery  process  associated  with  the  process  for  extraction  of 
phosphorus  from  the  raw  material  to  give  dicalcium  phosphate. 

The  process  is  represented  schematically  in  Fig  2. 
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Fig.  2.  Flow  sheet  for  selective  separation  of  phosphate  and 
calcite  be  means  of  sulfurous  acid,  and  recovery  of  the  latter. 
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The  individual  stages  of  the  process  were  studied  in  laboratory  conditions.  In  addition,  the  process  for 
selective  leaching  of  calcite  was  tested  on  the  semiworks  scale  with  370  kg  of  flotation  concentrate.  The  con¬ 
centrate  used  for  the  latter  trial  contained  51.4<yc  of  calcite  and  only  QA^c  P2O5,  and  was  technologically  very 
unfavorable. 

The  concentrates  of  this  composition  were  obtained  from  a  rock  variety  with  calcium  phosphate  present 
mainly  in  a  finely  divided  state,  and  only  1/3  of  it  was  in  the  form  of  granular  crystalline  phosphate  with  grains 
between  0.001  x  0.006  mm  and  0.02  x  0.06  mm. 

The  experiment  was  carried  out  by  the  second  alternative  method  at  a  liquid  -  solid  ratio  of  19: 1.  The 
sulfurous  acid  concentration  of  the  original  solution  was  38.6  kg/m^  The  leaching  was  performed  at  18*  with 
vigorous  stirring  of  the  pulp.  The  yield  of  phosphate  fraction  was  229  kg,  or  62<yc.  74*70  of  the  carbonate  cal¬ 
cium  was  removed.  12.8  of  the  phosphorus  was  dissolved,  but  the  phosphorus  which  passed  into  solution  be¬ 
came  concentrated  in  the  calcium  sulfite  precipitate,  which  was  analyzed  and  found  to  have  the  following 
chemical  composition  (‘7c):  31.3  CaO,  41.9  sulfur  calculated  as  SOg;  1.05  FeO,  2.88  FegOg,  1.02  AlgOg,  3.05 
PgOg  and  0.32  SiOg. 

As  this  precipitate  is  used  in  the  precipitation  of  dicalcium  phosphate,  there  is  practically  no  loss  of 
phosphorus. 
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Fig.  3.  Flow  sheet  for  selective  separation  of  phosphate 
and  calcite  by  means  of  ammonium  sulfate,  with  regen¬ 
eration  of  the  latter. 


Sulfuric  acid  leaching  of  the  phosphate  fraction  was  also  tested  on  the  semiworks  scale.  The  extraction 
of  phosphorus  into  solution  was  then  9Q<^c  as  compared  with  86<7c  obtained  by  leaching  of  the  original  flotation 
concentrate  under  the  same  conditions.  The  explanation  is  that  the  material  used  for  sulfuric  acid  leaching  had 
1.4  times  the  phosphorus  content  of  the  other.  The  consumption  of  acid  in  the  treatment  decreased  by  ~400  kg 
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per  ton,  i.c.,  by  60<>|()  as  compared  with  tiie  direct  treatment  of  concentrates;  the  total  consumption  was  65  kg 
per  ton  of  tlie  original  rock,  with  a  small  additional  consumption  of  pyrite  for  production  of  sulfur  dioxide. 

It  should  be  pointed  out  that  the  consumption  of  sulfuric  acid  for  the  treatment  of  the  products  of  selective 
flotation  obtained  from  the  same  rock  was  90-100  kg/ton. 

Bindii^of  carbonate  calcium  in  the  form  of  a  compound  r<ot  decomposed  by  sulfuric  acid.  Somewhat  later 
another  method  was  suggested  and  developed;  in  this,  calcite  was  combined  into  a  form  insoluble  in  sulfuric 
acid.  The  method  is  based  on  the  reaction  between  calcite  and  ammonium  sulfate  solution  at  85-95*,  with 
fonnation  of  calcium  sulfate  and  of  gases  which  are  subsequently  used  for  regeneration  of  ammonium  sulfate. 

The  reaction 

C:aC(\  +  (NH4),S04  ^  CaS04  +  2NHj  +  CO,  +  H,0  (4) 

is  reversible,  and  can  be  made  to  go  to  the  left  under  suitable  conditions  (temperature,  gas  concentrations). 

Tlie  proposed  method  for  regeneration  of  ammonium  sulfate  is  based  on  this.  Reaction  (4),  proceeding  in  the 
leftward  direction,  is  used  in  practice  for  ammonium  sulfate  production  [6,  7];  a  high  degree  of  utilization  of 
ammonia  (over  96%)  is  reached,  and  concentrated  (up  to  50<^)  solutions  of  ammonium  sulfate  are  obtained. 

The  carbonate  sludge  formed  in  the  process  can  be  used  in  the  production  of  cement. 

The  flow  sheet  for  the  treatment  of  carbonate  -  phosphate  raw  material  with  ammonium  sulfate  treat¬ 
ment  before  the  sulfuric  acid  leaching  is  given  in  Fig.  3. 

As  the  production  of  ammonium  sulfate  from  calcium  sulfate,  ammonia,  and  carbon  dioxide  is  an  in¬ 
dustrial  process,  the  main  problem  to  be  worked  out  and  tested  was  the  binding  of  calcite  as  the  result  of  treat¬ 
ment  with  ammonium  sulfate. 

The  same  raw  material  as  in  the  preceding  process  was  used.  The  trials  were  carried  out  in  the  following 
sequence.  Carbonate  -  phosphate  flotation  concentrate  was  added  with  continuous  stirring  to  ammonium  sulfate 
solution  (of  about  60%  concentration)  heated  to  40-50*.  The  pulp  was  then  warmed  to  the  same  temperature. 

Foam  and  gases  (CO,  and  NH,)  were  evolved  cop¬ 
iously  during  the  process.  At  the  end  of  the  reaction, 
as  indicated  by  cessation  of  foaming,  the  pulp  was 
filtered. 

Laboratory  experiments  and  larger  scale  lab¬ 
oratory  trials  with  2.5  kg  lots  showed  that  the  degree 
of  binding  of  carbonate  lime  in  the  form  of  calcium 
sulfate  reaches  85-86^  in  the  optimum  conditions, 
and  the  phosphorus  all  remains  in  the  sulfate  cake. 

The  results  of  the  laboratory  experiments  were 
confirmed  by  trials  in  a  semiworks  unit  with  80-120 
kg  charges  of  flotation  concentrate. 

It  must  be  pointed  out  that  when  the  experi¬ 
ments  were  performed  on  a  small  scale  the  process 
was  usually  complete  within  4-6  hours,  while  the 
semiworks  trials  lasted  12-16  hours,  probably  because 
the  temperature  conditions  were  less  stable.  The 
graph  (Fig.  4),  based  on  the  results  of  the  semiworks 
scale  trials  gives  an  indication  of  the  rate  of  the 
process. 

The  sulfuric  acid  leaching  of  phosphorus  from  the  sulfate  cakes  was  studied  in  detail;  an  experiment  on 
the  semiworks  scale  was  carried  out  for  this  purpose.  The  experiments  showed  that  the  consumption  of  acid  for 
treatment  of  the  sulfate  cake  was  64%  lower  than  the  consumption  for  the  original  combined  concentrate.  The 
acid  consumption  per  1  ton  of  rock  was  59  kg,  with  an  additional  ammonia  consumption  of  3-4  kg. 

The  extraction  of  phosphorus  from  the  sulfate  cake  was  93-94<%,  as  compared  with  86<%  in  the  direct 
treatment  of  the  concentrate. 
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Fig.  4.  Rate  of  binding  of  carbonate  cafeium 
by  ammonium  sulfate  in  semiworks  trials. 

A)  Contents  of  carbonate  lime  in  cake  (<%), 

B)  duration  of  experiment  (hours). 

1,  2)  Results  of  two  experiments  differing  in 
duration  only. 


897 


The  removal  of  water  from  the  waste  cakes  was  considerably  easier  and  more  rapid  than  from  the  cakes 
resulting  from  direct  acid  treatment  of  the  flotation  concentrate.  The  moisture  content  of  tlie  cakes  was  20-307o, 
instead  of  40%  as  in  the  second  case.  The  explanation  is  that  the  sulfate  cake  contained  over  50%  by  weight  of 
calcium  sulfate  as  "filler."  Most  of  the  calcium  sulfate  crystals  were  0.03-0.07  mm  in  size,  and  one  fifth  of  the 
whole  sulfate  consisted  of  crystals  0.3 -0.7  mm  in  size. 

Therefore,  ammonium  sulfate  treatment  of  carbonate  -  phosphate  flotation  concentrate  also  has  a  favor¬ 
able  effect  on  the  leaching  of  phosphorus  from  acid-treated  cakes. 

SUMMARY 

1.  Two  methods  are  described  for  chemical  separation  of  calcite  and  phosphate, whereby  it  is  possible  to 
reduce  by  60-64%  the  consumption  of  acid  in  the  treatment  of  low-grade  carbonate  -  phosphate  rocks  and  to 
improve  the  degree  of  extraction  by  better  leaching  of  dissolved  phosphates  from  the  cakes.  Schemes  are  pro¬ 
posed  for  recovery  of  the  sulfur  dioxide  and  ammonium  sulfate  used  in  the  selective  separation  of  phosphate 
and  calcite. 

2.  The  approach  toward  reducing  the  consumption  of  reagents  for  treatment  of  the  raw  material  and  de¬ 
veloping  recovery  schemes  may  be  of  technological  interest  not  only  in  relation  to  nonmetallic  mineral  sources, 
but  also  in  relation  to  the  treatment  of  ores  of  nonferrous  and  rare  metals. 

Selective  chemical  separation  with  recovery  of  the  reagents,  as  a  method  for  beneficiation  of  raw  mate¬ 
rials,  may  be  used  in  the  extraction  of  products  suitable  for  processes  of  chemical  technology  or  hydrometal¬ 
lurgy  if  mechanical  beneficiation  does  not  yield  concentrates  of  the  required  degree  of  purity  or  gives  a  low 
degree  of  extraction. 
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THERMODYNAMIC  ANALYSIS  OF  THE  SYSTEM  Ca-C-O 


F .  S .  M  a  ro  n 


The  reduction  of  calcium  oxide  by  carbon  is  one  of  the  principal  reactions  in  many  technological  proces¬ 
ses,  as  in  the  production  of  calcium  carbide,  calcium  -  silicon  alloy,  and  phosphorus,  and  in  certain  special 
thennal  metallurgical  processes. 

Investigations  of  this  problem  [1,  2]  have  shown  that  the  reduction  of  calcium  oxide  may  yield  either 
calcium  carbide  or  metallic  calcium,  depending  on  the  reaction  conditions. 

A  thermodynamic  analysis  of  these  reactions  is  given  in  this  paper.  The  calculations  givenheEshow  what 
external  conditions  (pressure,  temperature)  result  in  the  formation  of  calcium  carbide  or  of  metallic  calcium; 
these  calculations  differ  from  others  [3]  in  this  field  by  the  fact  that  the  mutual  solubility  of  CaO  and  CaC2  was 
taken  into  account. 

Phase  composition  of  the  system.  The  most  important  individual  reactions  which  may  occur  in  the  sys¬ 
tem  Ca-C-O  are; 


CaO  +  3C  CaC2  +  COg, 

(I> 

CaO  +  C  ^  Cag  + 

(II) 

2CaO  +  CaCz^  3Cag  +  2  COg, 

(III) 

CaC2^^Cag  +  2Cg. 

(IV) 

Only  two  of  these  reactions  are  independent;  the  characteristics  of  the  others  can  be  calculated  with  the 
aid  of  the  Hess  law  from  the  first  two. 

To  determine  the  equilibrium  conditions  in  all  these  individual  systems  it  is  first  necessary  to  solve  the 
problem  of  their  phase  composition.  This  does  not  involve  any  complications  forsome  of  the  reactants. 

Thus,  carbon  monoxide  and  calcium  constitute  a  single  gas  phase  in  the  high-temperature  region  in  elec¬ 
trothermal  processes.  The  presence  of  carbon  dioxide  which  may  be  formed  by  decomposition  of  CO(2CO^ 

C  +  CC^),  may  be  ignored,  Iioth  because  its  equilibrium  concentrations  would  be  low  at  the  temperatures  in 
question,  and  because  this  process  is  slow  and  develops  only  in  the  presence  of  metallic  iron. 

It  can  also  be  stated  with  a  fair  degree  of  certainty  that  carbon  forms  an  independent  phase.  The  fact 
that  it  can  dissolve  calcium  to  some  extent  can  hardly  give  rise  to  serious  error. 

The  question  of  the  phase  composition  of  calcium  oxide  and  carbide  is  more  complicated.  It  can  be 
solved  by  consideration  of  the  phase  diagram  for  the  system  CaO-CaCg  in  order  to  determine;  a)  formation  of 
chemical  compounds  in  the  system;  b)  the  limits  of  mutual  solubility  of  CaO  and  CaCg  in  the  solid  and  liquid 
states. 

The  best-known  investigations  in  this  field  are  those  of  Ruff  and  Foerster  [4'|,  and  Flusin  and  Aall  [5].  Ac¬ 
cording  to  the  former  two  authors,  who  studied  theliquidus  line  only,  by  the  immersed  rod  method,  CaO  and 
CaC2  form  a  simple  eutectic  system  (Fig.  1).  The  eutectic  corresponds  to  a  temperature  of  1630"  and  a  CaO 
content  of  '10.9'’Jc  in  the  condensed  phase.  From  these  data  the  authors  conclude  that  CaO  and  CaC2  are  mutual¬ 
ly  soluble  in  all  proportions  in  the  liquid  state  (the  curve  does  not  show  an  immiscibility  hump)  and  that  chem¬ 
ical  compounds  are  not  formed  in  tiie  system. 
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Fig.  1.  Phase  diagrams  for  the  system 
CaO-CaC2. 

A)  Temperature  T  (’C),  B)  CaO  content 

m. 

Curves  based  on  data  of:  1)  Ruff  and 
Foerster,  2)  Flusin  and  Aall. 

ductivity,  hardness,  etc.)  of  the  system  CaO-  Ca'C2  in 


The  results  of  Flusin  and  Aall  are  significantly 
different.  While  they  reached  the  same  conclusion  as 
Ruff  and  Foerster  concerning  the  absence  of  phase  sep¬ 
aration  in  the  liquid  phase,  they  obtained  different  re¬ 
sults  with  regard  to  the  nature  of  the  liquidus  line  and 
the  possibility  of  formation  of  chemical  compounds 
(Fig.  11. 

First,  the  liquidus  curve,  based  on  data  on  the 
surface  melting  of  blocks  made  from  solidified  melts 
[6],  indicates  the  existence  of  two  eutectics,  the  first 
of  which  is  close  to  that  found  previously  by  Ruff  and 
Foerster  (at  1750“  and  CaC2),  and  the  second  cor¬ 
responds  to  1800“  and  35.6'7c  of  calcium  carbide.  More¬ 
over,  Flusin  and  Aall  concluded  from  the  hump-shaped 
form  of  the  liquidus  line  that  the  chemical  compound 
of  the  formula  CaOCaC2,  melting  at  1980“,  exists  in  the 
system.  Later  Aall  [6]  attempted  to  confirm  its  exis¬ 
tence  by  investigations  of  a  number  of  properties  (con- 
relation  to  its  composition. 


Unfortunately,  this  paper  gives  no  information  on  the  possibility  of  mutual  solution  of  CaO  and  CaC2  in 
the  solid  state  -  the  solidus  line  was  not  investigated. 


This  fact,  and  also  the  dubious  character  of  the  data  of  Flusin  and  Aall  in  relation  to  the  possible  forma¬ 
tion  of  calcium  oxycarbide  (the  experimental  procedure  was  unreliable  and  the  lattice  of  such  a  compound 
seems  difficult  to  construct),  caused  us  to  undertake,  jointly  with  Geld  and  Serebrennikov  [7],  a  further  study  of 
the  system  CaC2-CaO  in  the  solid  state.  This  study  was  based  on  the  well-known  polymorphism  of  CaC2,  in¬ 
cluding  the  reversible  transition,  at  435“,  of  the  low-temperature  modifications  of  carbide  (of  complex  structure) 
into  a  high-temperature  modification  with  cubic  syngony. 


Technical  calcium  carbide  and  synthetic  melts  of  it  with  different  proportions  of  calcium  oxide  were  used 
for  the  investigation. 


The  results  show  that  a  pure  calcium  carbide  phase  is  retained  in  solidified  melts  of  calcium  oxide  and 
carbide  over  a  very  wide  range  of  concentrations;  as  stated  earler,  calcium  carbide  undergoes  a  phase  transition 
at  about  435“.  This  fact,  and  also  the  almost  linear  decrease  of  the  transition  effect  with  decreasing  CaC2  con¬ 
tent  in  the  specimens  shows,  first,  that  Flusin  and  Aall’s  views  concerning  the  formation  of  calcium  oxycarbide 
in  the  system  CaO-CaC^,  and  the  consequent  absence  of  a  pure  carbide  phase  in  the  equilibrium  system  con¬ 
taining  over  50<yc  (molar)  of  CaO,  are  erroneous. 

Moreover,  the  fact  that  the  transition  temperature  of  the  carbide  does  not  vary  with  the  composition  of  the 
mixtures  studied  is  reliable  evidence  that  little  mutual  solution  of  CaO  and  CaC2  can  occur  in  the  solid  state. 

Of  course,  our  data  give  no  information  on  the  possible  formation  of  solid  solutions  with  a  low  concentration  of 
one  of  the  components.  However,  comparison  of  our  data  with  the  results  of  the  x-ray  structure  investigations 
carried  out  by  Stackelberg  [8],  Franck  [9],  and  Bredig  [10]  indicates  that  even  limited  mutual  solubility  (above 
0.5'7c)  of  CaO  and  CaC2  may  be  discounted. 

Indeed,  despite  the  fact  that  these  authors  used  samples  containing  different  amounts  of  calcium  oxide 
(from  5  to  0.5<^c),  they  obtained  very  similar  values  for  the  lattice  parameter  of  the  tetragonal  modification  of 
calcium  carbide. 


In  our  opinion,  the  following  answers  can  be  given  on  the  basis  of  the  foregoing  to  the  questions  put  for¬ 
ward  earlier: 

a)  chemical  compounds  are  not  formed  in  the  system  calcium  oxide  —  calcium  carbide; 

b)  the  mutual  solubility  of  calcium  oxide  and  carbide  in  the  solid  state  is  low,  and  may  be  neglected  for 
practical  purposes; 
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c)  phase  separation  does  not  occur  in  tiie  system  in  the  liquid  state; 

d)  Flusin  and  Aall  's  data  on  the  form  of  the  liquidus  curve  are  doubtful;  preference  must  be  given  to  the 
results  obtained  by  Ruff  and  Foerster. 

Thermodynamic  Analysis  of  the  Reduction  of  Calcium  Oxide  by  Carbon  (Reactions 
I'Tnd  If) 

The  reduction  of  calcium  oxide  by  carbon  to  give  calcium  carbide  occurs  according  to  the  equation 

CsOcond  ^^s  -  ^^^2cond 

The  system  may  have  a  different  number  of  degrees  of  freedom,  depending  on  whether  the  calcium  compounds 
are  present  in  the  solid  or  the  liquid  state. 

When  calcium  oxide  and  carbide  constitute  independent  solid  phases,  i.e.,  at  temperatures  below  the  liqu¬ 
idus  line,  the  three-component,  four-phase  system 

CaOs  +  3C5  =  CaCzg  +  COg  (!’) 

will  have  one  degree  of  freedom.  This  means  that  of  the  two  parameters  which  determine  its  equilibrium  (T 
and  ppQ  =  P),  only  one  is  independent, while  the  other  is  a  function  of  it,  i.e.,  p^Q  =  F(T).  This  function 
may  be  represented  by  means  of  the  expression  for  the  equilibrium  constant 


®CaO  ’  ®C 


Assuming,  with  sufficient  accuracy  for  our  purposes,  that  the  fugacity  of  the  gas*  is  equal  to  its  partial 
pressure,  and  that  the  activity  of  the  pure  condensed  reagents  is  unity,*  we  have 


K.=Pao=l^(T). 


(1) 


Thus,  the  required  relationship  between  the  equilibrium  pressure  and  the  temperature  can  be  readily 
found  with  the  aid  of  the  usual  methods  for  calculating  the  temperature  —  equilibrium  constant  relationship. 

We  now  consider  the  solution  of  this  problem. 

Integral  solution  of  the  Gibbs  -  Helmholtz  equation  is  not  possible  in  this  case  owing  to  the  lack  of  re¬ 
liable  data  on  the  temperature— heat  capacity  relationship  for  calcium  carbide.  It  is  therefore  necessary  to  use 
an  approximate  entropy  equation.  The  possibility  of  making  the  results  so  obtained  more  precise  will  be  dis¬ 
cussed  later. 

Given  that  the  heat  of  sublimation  of  calcium  =  47.8  kcal/mole;  AH J, 298  “  108.000  cal/mole;  298 


=  =CaC,.  298  =  ^C,298  '  ®CO,298  '  cal/degree  •  mole; 

11.47;  c  =  2.06;  c  =  6.95  cal/degree  •  mole.  We  then  have; 

PC,298  PC0,298 


10.23; 


c 


PCaC2,298 


log  <,=iogp' o  =  -  ^  +  9.86  -h  0.44,  (T).  (2) 

The  above  thermodynamic  data  are  taken  from  Rostovtsev's  monograph  [11],  apart  from  the  data  for  cal¬ 
cium  carbide,  taken  from  the  paper  by  Mauderli,  Moser,  and  Treadwell  [12],  and  the  heat  of  sublimation  of  cal¬ 
cium,  as  given  by  Umansky,  Finkelshtein,  and  Blanter  [13]. 

If  the  temperature  of  the  system  lies  above  the  liquidus  line,  calcium  oxide  and  carbide  will  not  be  pre¬ 
sent  in  two  independent  phases,  and  will  constitute  a  single  phase  —  a  melt  of  variable  composition. 


At  not  very  high  pressures  (P  =  10  atm.). 


(CaO)  4  3Cs  =  (CaCgW  CO. 


(I-) 


Under  these  conditions  the  equilibrium  state  of  the  three-component,  three-phase  system  will  be  described 
not  by  two,  but  by  four  parameters  -  (P,  T,  N^aQ  and  whicli,  according  to  the  phase  rule,  only  two 

are  independent.  The  other  two  may  be  found  by  means  of  tlie  equations: 


^CaO  +  ^CaC,  —  ^ ' 

ft 

^CaC;/co  (T), 

®CaO  ■  ®C  ^CaO 


(3) 


(4) 


the  second  of  which  is  based  on  the  assumption  that  the  pressures  are  not  too  high  and  that  calcium  oxide  and 
carbide  form  ideal  solutions  (i.e,,  =  N^. 

It  follows  from  this  second  equation  that 


log  Pco  (?’)  +log^CaO  —log^CaC,  •  (5) 

It  must  be  noted  that  F*  (T)  is  not  equal  to  F"  (T)  because  in  the  latter  case  the  presence  of  liquid  reactants 
must  be  tal<en  into  account.  Assuming  that  the  heats  of  fusion  of  calcium  oxide  and  carbide  are  =  10  000 

cal/mole  and  =  7680  cal/mole  and  their  melting  points  are  T(^30  ==  2840*  and  =  2573*  K  [14] 

respectively,  we  have 

log  Pco  “  -  +  0.53  +  0.44^  {T)  -logA-co.  +loS«oaO.  (6) 

It  must  be  emphasized  that  this  equation  is  only  valid  for  the  liquidus  region,  and  under  the  previously  stated 
conditions  regarding  the  ideality  of  the  solution. 

Comparison  of  these  expressions  with  experimental  data  is  somewhat  difficult  owing  to  the  inadequacy 
and  sometimes  the  unreliability  of  the  latter. 

Equation  (2)  is  only  valid  for  solid  CaO  and  CaC2  phases.  The  equilibrium  in  this  system  was  investigated 
a  long  time  ago  by  Tomson  [15]  who  found  that  p^Q  nig’K  ~  PcO  1748"  K  ” 

Equation  (2)  gives  p^Q  1718* K  “  PcO  1748"  K  ~  ^*437  mm  Hg.  This  discrepancy  may  be  diminished 

by  applying  a  correction  based  on  an  experimental  determination  to  Equation  (2). 

Geld  [3]  corrected  equilibrium  data  for  individual  systems  containing  calcium  carbide  on  the  basis  of  the 
fact  [10]  that  the  reaction  of  calcium  oxide  with  carbon  up  to  1400* does  not  yield  CaC2  “  only  calcium  vapor  is 
formed:  conversely,  at  1400"  and  over.calcium  carbide  is  formed.  This  indicates  that  at  1400* 

^PCa^II  ^  ^Pcahv 

From  this,  and  from  the  reasonably  reliable  data  on  tlie  temperature  relationship  for  the  reacting  substances  in 
System  II,  he  derived  the  equation 

logT’co  — - T - H  10-55,  (7) 


wliich  agrees  satisfactorily  with  Tomson* s  data. 

It  is  possible  to  modify  Equation  (2)  in  another  way,  by  direct  use  of  Tomson* s  data,  such  as  the  above 
value  p^^  1718“  K  ~  correcting  the  independent  term  of  Equation  (2),  we  have 


23G20 

T 


-f-  10.12  +  0.44cp(r). 


log  =  log  p'co  = 


(2*) 


No  data  are  available  for  verification  of  the  results  obtained  by  means  of  Equation  (6).  Not  only  are  Brun¬ 
ner’s  determinations  [16]  doubtful,  but  they  cannot  be  used  because  the  compositions  of  the  melts  to  which  they 
relate  are  not  given. 

Because  of  this,  the  applicability  of  the  ideal  solution  laws  to  CaO-  CaCj  melts  cannot  be  verified.  We 
shall  tliereforc  confine  ourselves  to  correction  of  the  independent  term  on  the  assumption  that  Equation  (6)  con¬ 
tains  the  same  systematic  error  as  Equation  (2),  due  to  inaccurate  thermochemical  data  on  the  reactants.  This 
gives  the  equation 

logK^^=logp^^  =  -  +  9.79  +  0.44<p(r)  -logiVcaC,  +lWcaO. 

Thus,  the  most  probable  equations  describing  equilibrium  in  the  System  (I)  are  Equation  (2*)  for  the  solidus 
region  and  (6')  for  the  liquidus  region. 

The  equilibrium  pressures  of  carbon  monoxide  in  System  (I)  at  a  number  of  temperatures  are  given  below. 


T(*C) 

1200 

1500 

1700 

2000 

log  Pco  ^ 

-  2.76 

0.07 

1.44 

3.096 

P(^0  1  io  l^lgl 

1.74  *  10"® 

1.18 

27.6 

1250 

As  was  stated  earlier,  at  temperatures  below  1400*  reduction  of  calcium  oxide  by  carbon  does  not  yield 
CaC2;  in  other  words,  equilibrium  in  the  system  is  reached  in  accordance  with  the  equation 

C^Ocond  ^cond  ~  ^^g  ^^g* 

The  three-component,  three-phase  system  in  question  is  bivariant.  This  means  that  of  the  four  variables  (T,  P, 
Pco*  P(^a^’  characterize  its  equilibrium  state, two  are  independent.  The  others  can  be  found  by  means  of 

the  equation 

^  ~  PCO  Pca’ 

•  Pca==^ll^'^)>  (9) 

"CaO  "c  '  ' 

the  second  of  which  is  valid  at  not  very  high  pressures  ( <  10  atm.)  and  if  the  pure  CaO  phase  is  present. 

Using  the  data  quoted  earlier,  and  also  S-  =  37  cal/degree  •  mole  an'd  Ck,  =  4.97  cal/ 

t-a.  29o  PCa,  298 

degree.*  mole,  we  have  ’  ’ 

37800 

log  = />coPca  ~  ~  T  +  16.1  —  0.08'f  (T).  (10) 

In  the  particular  case  when  carbon  monoxide  and  calcium  are  present  in  the  gas  phase  in  the  stoichiomet¬ 
ric  ratio 

,  18900 

l°gPcOii~"“  f  +  —  0.04<p  (T). 


The  last  equation  can  be  used  for  finding  equilibrium  partial  pressures  of  the  gaseous  components  at  a 
given  temperature.  If  p^^  ^  p^^,  then  p^^  and  p^^  can  be  found  by  solving  Equations  (8),  (9),  and  (10)  si¬ 
multaneously. 


Equation  (11)  can  be  corrected  with  the  use  of  more  accurate  data  on  the  thermal  properties  of  the  com¬ 
ponents,  giving,  for  example  [3],  the  following  value  at  1700*  K  log  Kp  =  -6. 9 36 .Correct ion  of  the  independent 

MI 

term  of  Equation  (11)  gives: 
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log  ^'COii  — 


(11’) 


18900 

T 


+  7.665  -0.04'f(7’), 


log 


Kj,  =  — 


37800 
T 


+  15.33  — 0.08v(r). 


(10’) 


Equilibrium  values  of 
(11),  are  given  belov/. 


COt 


for  a  number  of  temperatures  in  System  II,  calculated  by  means  of  Equation 


T("C) 

1200 

1500 

1700 

2000 

log  Pco 

-2.275 

-0.18 

0.91 

2.16 

PCa  =  Pco 

5.31  •  10-3 

0.661 

8.13 

145 

P  (mm  Hg) 

10.62  •  10-3 

1.322 

16.26 

290 

Comparison  of  these  results  with  direct  experimental  data  is  not  possible  as  no  such  data  are  available. 

It  may  be  noted,  however,  tliat  many  workers  reported  the  formation  of  considerable  amounts  of  calcium 
in  the  reduction  of  calcium  oxide,  even  under  conditions  (T  <  1400®),  wlien  formation  of  calcium  carbide  is  not 
possible. 


The  results  obtained  by  Franck  [9]  and  by  Geld  [3]  are  particularly  significant  in  this  respect;  they  found 
that  below  1400"  the  reaction  of  CaO  and  C  is  accompanied  by  sublimation  of  calcium;  since  calcium  is  con¬ 
densed  in  the  cold  parts  of  the  apparatus  as  a  pyrophoric  deposit  (p^g  — >  0),  equilibrium  in  System  (II)  does 
not  become  established,  and  the  partical  pressure  of  CO  increases  continuously  (since  p  .  p  =  constat 
equilibrium). 


The  above  calculations  and  experimental  data  indicate  that  relatively  considerable  amounts  of  elemental 
calcium  vapor  are  formed  in  the  reaction  between  CaO  and  carbon.  It  will  be  shown  below  that  it  can  also  be 
formed  by  other  reactions,  and  that  it  plays  a  significant  role  in  the  mechanism  of  the  reduction  of  calcium 
oxide  by  carbon. 

If  CaO  is  reduced  from  solution,  we  have  instead  of  (9) 


Pco  *  7'ca 


CaO 


O’) 


and  the  form  of  the  relationsliip  between  Kp"^^  and  the  temperature  can  be  found  from  Equation  (10)  with  the 
heats  of  fusion  and  entropy  changes  in  formation  of  the  melt  taken  into  account,  giving 
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log  "^ogPca  ■  Pco —  ~  T  ^  14.56  O.OStp  (T)  -flog^CaO- 


(10-) 


Thermodynamic  Analysis  of  Systems  Containing  Calcium  Carbide  (Reactions  III 
a  n  ci  i  V  ) 

Calcium  carbide  formed  in  Reaction  (I),  being  a  powerful  reducing  agent,  can  under  suitable  conditions 
reduce  calcium  oxide  to  the  metal  according  to  the  equation 

2Ci>Ocond  +  =  3Cg  +  200^.  (Ill) 

Depending  on  the  phase  state  of  the  condensed  components,  System  (III)  may  either  be  bivariant  (if  two 
separate  phases  of  CaO  and  CaCg  are  present)  or  it  may  have  three  degrees  of  freedom  (if  CaO  and  CaC2  form 
a  mutual  solution). 
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In  the  first  case,  which  is  found  when  the  multiple  point  for  the  system  is  below  or  on  the  liquidus  line, 
two  alternatives  are  possible. 

Absence  of  a  liquid  phase,  i.e.,  at  temperatures  below  the  eutectic  point  (1630").  Here  the  system  is 
characterized  by  only  four  parameters  (P,  T,  p^-Q  and  Pf^g)  of  which  the  two  dependent  variables  can  easily  be 
found  from  the  two  independent  variables  by  means  of  the  following  equations; 


—  Pco  1“  Pca, 


(12) 


K 


/'III 


/ca^  •  /cO-  ^ 
®CaO'*  ■  “CaC, 


^Ca^  ■  PCO^  —  (^)- 


(13) 


To  obtain  the  value  of  Fjjj  in  explicit  form  no  additional  calculations  are  necessary  since,  as  has  already  been 

stated,  only  two  reactions  are  independent  in  the  system  Ca-C-0,  and  the  others  can  be  deduced  from  them. 
In  fact,  with  the  use  of  the  Hess  law  we  have 

3(CaO  4-C  =  Cag+G0);  3AFjj 
-(GaO  +  3C  =  CaC2  +  CO);  AfJ 
2CaO  +  CaC.^  ==  3Ca  +  2CO:  A/’Jjj  =  —  AFj 

O 


or,  since  AF"  =  -  RT  log  K,  log  ICp 
From  (2*)  and  (10  ')  we  have 


III 


«  3  log  K’  -  log  K*  . 

ni  n 


Pco’  Pca’  —  ~ 
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T 


H- 35.87  —0.68'f(r), 


(14) 


and  from  this,  together  with  Equations  (12)  and  (13),  we  can  find  the  required  dependent  variables. 

For  the  special  case  when  the  gaseous  components  are  present  in  stoichiometric  ratio  in  the  system,  that 

3 

is,  when  p^-^  =  1.5  p^Q  =  P,  we  have 


17956 

log'T’co  =  “  ~f~  +  +  0.136tp  (T), 


log  Pca  —  ~ 
log  />  =  - 


17956 

T 

17956 

r 


+  7.244 +  0.136p(7’), 
+  7.464  +  0.136tp(r). 


(15) 


(16) 


(17) 


These  equations  were  used  to  obtain  the  following  calculated  data  for  the  influence  of  temperature  on 
the  partial  pressures  (p^^  and  p^^)  and  the  total  pressure  in  System  (IID. 


T("q 

P(^o(^tn  Hg> 

1200 

7.08  •  10“® 

1500 

0.205 

1700 

9.13 

2000 

159 

Pf,g  (mm  Hg) 

0.0106 

0.306 

13.7 

238 

P  (mm  Hg> 

0.0176 

0.511 

22.83 

396 
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If  liquid,  solid,  and  gaseous  phases  coexist,  i.e.,  when  the  component  systems  are  represented  by  one  of 
the  poTrits  in  the  solidus  region,  the  numher  of  variables  is  increased  by  twofN^^^Q  and  for  the  liquid 

phasel,  but  the  number  of  connecting  equations  increases  by  two  at  the  same  time.  In  this  case,  in  addition  to 
Equations  (12),  (13),  and  (14),  we  have  also  the  following  equations: 


and 


A'., 


CaO 


A 


CaC, 


rfJiTjA;  _  Tu—Ifi 
dT  ~  R'n  ' 


(18) 


(19) 


The  latter  equation  can  be  simplified  on  tlie  assumption  that  AH  =  Hj  -  Hj  -  the  heat  of  fusion  of  the 
solid  -  depends  little  on  the  temperature.  We  then  have  (assuming,  of  course,  ideality  of  the  solution). 


In  A<  = 


H  \T 


(20) 


where  Tj  is  the  melting  point  of  the  dissolved  solid  component  (coexisting  with  the  melt). 

In  practice.  Equations  (18)  and  (19)  are  not  suitable  for  use  because  it  is  not  certain  whether  the  ideal 
solution  laws  are  applicable  to  the  system  CaO— CaC2,  and  because  of  the  lack  of  reliable  data  on  the  value 
of  AH.  It  is  simpler  and  more  exact  to  find  Nj  for  a  given  temperature  directly  from  an  experimentally  deter¬ 
mined  fusion  diagram,  such  as  that  given  by  Ruff  and  Foerster. 

In  the  second  case,  when  the  system  contains  only  one  condensed  phase,  a  melt  of  CaO  and  CaC2,  the 
number  of  variables  characterizing  the  state  of  tlie  system  is  six  (P,  T,  P(^q.  P^g,  N(jgQ,  N(^g(^^),  and  there  are 
three  degrees  of  freedom.  This  requires  three  connecting  equations,  namely 


log  K 


III 


=  /'ca  Pco,, 

^CnO  +  ^'caC,—  ’  ■ 

fc-y  ‘  fco^  /’Ca^Ppo^ 

"CaO*  ■  “CaC,  ^''caO^^CaC, 


(12) 

(18) 

(21) 


Here  the  last  equation  is  valid  only  in  so  far  as  the  ideal  solution  laws  are  applicable  to  CaO-CaC2. 

Fjjj  differs  from  FJjj  for  the  same  reasons  as  were  given  earlier  in  relation  to  Fj  and  Fj”,  because  of  the  differ¬ 
ent  phase  state  of  the  reactants.  The  expression  for  it  can  be  readily  derived  by  combining  Equations  (6*)  and 
(Ifl'M,  analogously  to  the  procedure  for  calculation  of  log  K'  .  This  gives  the  expression 

Pill 
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log^t'ljj  ^  ■  f'co’  ^  ~  f  —  0.68'f  (T)  2  logA^^g^j  -Hog 


(22) 


The  problem  in  question  can  be  solved  by  simultaneous  solution  of  Equations  (12),  (18),  (21),  and  (22). 

Reliable  verification  of  these  expressions  is  not  possible  owing  to  lack  of  experimental  data  for  equilibrium 
conditions  in  System  (III). 

However,  qualitative  confirmation  that  Reaction  (III)  can  be  brought  about  is  provided  by  the  results  of 
numerous  investigations,  both  on  thermal  processes  for  the  production  of  calcium,  and  on  the  condition  for  the 
stability  of  calcium  carbide. 
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Tlie  most  direct  data  on  the  reaction  are  given  in  Voinitsky's  paper  [17].  He  showed  that  at  1300-1350® 
considerable  amounts  of  calcium  can  be  driven  off  from  a  mixture  of  CaO  and  CaC2  under  vacuum  (0.02  mm 
Hg).  For  example,  he  obtained  5.6  g  of  Ca  from  a  mixture  of  64  g  of  CaO  and  15  g  of  CaCg, 


The  possibility  of  this  reaction  is  also  indicated  by  the  results  obtained  by  Geld  and  Mikulinsky,  Franck 

[9],  and  otliers. 


In  conclusion,  we  shall  consider  some  character¬ 
istics  of  tlie  dissociation  of  calcium  carbide,  which 
are  very  important  both  for  understanding  the  mech¬ 
anism  of  the  reactions  which  develop  in  the  produc¬ 
tion  of  calcium  carbide,  and  in  relation  to  its  use  as 
a  reducing  agent. 

As  before,  two  alternatives  should  be  consider¬ 
ed  —  the  presence  either  of  solid  carbide,  or  of  its 
solution  in  CaO,  in  the  system. 

In  the  first  case  we  have  a  two- component, 
three-phase  system,  which  therefore  has  one  degree 
of  freedom,  while  in  the  second  the  numbers  of  com¬ 
ponents  and  of  the  degrees  of  freedom  are  each  greater 
by  one. 

If  solid  calcium  carbide  is  present  in  the  system 


Fig.  2.  Effect  of  temperature  on  the  total 
pressure  in  Systems  I -IV. 

A)  Log  P(3a  mm  Hg  (II) -(IV),  B)  log  p^^Q 


mm  Hg  (I),  C)  temperature  ("C) 


D) 


^^iv— ^Caiv 


CaC2jj  =  2Cg+ Cag,  (IV) 

then  the  two  variables  characterizing  equilibrium  in 
System  (IV)  (p^^  =  P  and  T)  should  be  connected  by 

an  equation  based  on  the  expression  for  the  equilib¬ 
rium  constant 

=  /iv(^)-  (23) 


The  form  of  this  relationship  can  readily  be  found  by  combining  Equations  (2')  and  (10'): 


14180 

T 


5.21-0.52cp(T). 


(24) 


Thus,  as  shown  in  Fig.  2,  for  each  temperature  there  will  be  a  quite  definite  dissociation  pressure  of  cal¬ 
cium  carbide. 

In  dissociation  of  carbide  dissolved  in  a  slag  phase  (for  example,  in  CaO),  of  the  three  variables  (N^^^  , 
p  and  T)  only  one  is  dependent;  as  before,  this  can  be  found  from  the  expression  for  the  equilibrium  constant, 

V-fd 

which  in  this  case  is  of  the  form 


Kp  = 

IV”  Nr 


PCa 


CaC, 


/=’iv(^’)- 


(25) 


Combination  of  Equations (6’)  and  (10")  gives  this  relationship  in  analytical  form. 


Thus,  we  have 


=logPcaj,^= 


Pca  _  12500 


N 


+ 


CaC, 


+  4.77  -0.52cp(r)-flogyVc,c,. 


(26) 
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By  means  of  this  expression  it  is  possible  to  calculate  from  two  given  parameters  (the  system  is  bivariant),  such 
as  and  T,  the  equilibrium  dissociation  pressure  of  calcium  carbide  dissolved  in  the  oxide.  The  results  of 

calculations  carried  out  with  the  use  of  Equation  (24)  up  to  2330",  and  with  Equation  (25)  above  2330*  (the  in¬ 
fluence  of  temperature  on  tlie  partial  pressure  of  calcium  in  System  IV)  are  given  below. 


T  ("q 

1230 

1430 

1630 

1930 

2230 

2530 

2730 

2930 

log  Pca 

-1.78 

-0.73 

+0.11 

1.06 

2.14 

2.44 

2.70 

2.973 

Pp„  (mm  Hg) 

0.0166 

0.186 

1.28 

11.5 

138 

276 

501 

940 

Our  results,  and  in  particular  Equation  (24),  can  be  compared  with  the  results  of  certain  experimental  and 
theoretical  investigations, 

According  to  Ruff  and  Foerster,  the  dissociation  pressure  of  82-94fyc  calcium  carbide  can  be  represented  by 
the  expression 


26300 

log  ^Ca,  =  “  ~Y~  + 


(27) 


shown  in  graphical  form  in  Fig.  3.  It  follows  from  these  results  that  the  equilibrium  pressure  of  calcium  vapor 
in  System  (IV)  is  1  mm  Mg  at  1825±  50",  and  1  atm  at  2500*  50".  It  is  seen  that  these  data  lead  to  results  which, 
for  high  pressures,  differ  considerably  from  the  calculated  values  (see  Fig.  3). 


Fig. 3.  Pressure  of  calcium  vapor  over 
calcium  carbide  at  various  temperatures. 

A)  Value  of  p^^  over  CaCz  (in  mm  Hg), 

B)  temperature  ("Q^ 

Curves  based  on  data  of:  1)  Mauderli, 

2)  the  author,  3)  Ruff  and  Foerster. 


Fig.  4.  Temperatures  at  which  a  total  gas 
pressure  of  1  atm  is  set  up  in  System  (I) -(IV) 
in  the  liquidus  region. 

M)  Temperature  T("C),  N)  CaCg  content  cyc). 
Line  ABC  is  the  liquidus  line  from  Ruff  and 
Feerster’s  phase  diagram. 


It  can  be  easily  demonstrated  that  the  results  of  Ruff  and  Foerster’ s  dynamic  experiments  are  unreliable. 
Numerous  studies  of  the  thermal  stability  of  calcium  carbide  have  .shown  that  at  low  pressures  (10'®,  10'^  mmHg) 
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it  does  not  decompose  up  to  1100*.  Conversely,  at  and  above  this  temperature  the  dissociation  of  carbide  can 
be  clearly  determined  both  from  the  sublimed  calcium,  and  from  the  amount  of  carbon  deposited.  This  is 
shown  by  the  results  obtained  by  Krase  and  Jee  [18],  by  Geld’s  data  [3],  etc.  However,  it  follows  from  Ruff  and 
Foerstcr's  data  that  at  1100"  the  dissociation  pressure  of  CaC2  is  2.7  .  10"''  mm  Hg.  If  their  results  were  correct, 
dissociation  of  carbide  at  pressures  of  10’®,  10'^  mm  Hg  would  be  impossible  at  this  temperature,  and  would 
begin  only  at  about  1400*.  This  is  clear  contradiction  to  the  above  data. 

Moreover,  Ruff  and  Foerster’s  data  give  rise  to  doubt  because  their  slope  factor  is  extraordinarily  high;  in 
the  first  approximation  it  follows  from  Equation  (27)  that  the  heat  of  dissociation  of  carbide  at  high  temperature 
is  AH  -  4.575  •  26300  =  121000  cal/mole,  whereas  the  value  detenuined  from  thermochemical  data  is  about 
half  this. 

These  facts  indicate  that  Ruff  and  Foerster’s  data  on  the  dissociation  pressure  of  calcium  carbide  are  er¬ 
roneous,  being  too  high;  this  is  probably  the  consequence  of  a  faulty  experimental  procedure  (based  on  deter¬ 
minations  of  weight  loss  -  temperature  curves),  applicable  only  to  systems  in  which  crystalline  rearrangements 
do  not  present  appreciable  difficulties,  i.e.,  applicable  only  when  equilibrium  in  the  system  is  established  par¬ 
ticularly  rapidly. 

The  thermochemical  calculations  of  Mauderli,  Moser,  and  Treadwell  [12]  give  higher  values  of  the  equi¬ 
librium  pressure  of  calcium  in  System  (IV).  From  the  value  of  =  11.34  cal/degree  •  mole  they  find 

Pca  1000*  K  ~  rn'iT  Hg  and  p(^g  1500*  K  “  Hg,  likewise  in  contradiction  to  the  experimental 

data  given  above. 

Our  calculated  values  are  found  to  be  in  quite  satisfactory  agreement  with  the  results  of  Krase  and  Jee 
[18],  Geld  [3],  Franck  [9],  and  others.  In  particular.  Equation  (24)  gives  p^^  =  7.42  •  10“*  mm  Hg  for  1100*. 

The  effect  of  temperature  on  the  total  pressure  P  for  Systems  (I)  -  (IV)  is  shown  in  Fig.  2.  It  is  seen  that 
at  low  temperatures  System  (IV)  has  the  highest  equilibrium  pressure.  In  the  high-temperature  region  System  I 
reaches  the  highest  pressure.  This  is  in  good  agreement  with  experimental  data. 

In  conclusion,  Fig.  4  shows  a  comparison  of  tlie  temperatures  at  which  a  total  gas  pressure  of  1  atm  is  set 
up  over  the  systems  in  question  (I) -(IV)  in  the  liquidus  region  (i.e.,  in  presence  of  melts).  It  follows  from  Fig. 
4  that  calcium  oxide  is  reduced  to  calcium  carbide  at  the  lowest  temperatures,  and  conversely,  dissociation  of 
liquid  calcium  carbide  occurs  at  very  high  temperatures.  These  curves  are  limited  by  the  liquidus  curve  ABC 
from  Ruff  and  Foerster  ’s  phase  diagram. 

SUMMARY 

A  thermodynamic  analysis  of  the  most  important  reactions  in  the  system  Ca-C-O,  has  been  carried  out 
and  it  is  shown  that  the  maximum  total  gaseous  pressure  -  of  carbon  monoxide  and  calcium  vapor  -  is  reached 
in  the  high-tern perature  region  in  the  reduction  of  calcium  oxide  with  formation  of  calcium  carbide.  At  low 
temperatures  (1400*)  the  reactions  with  the  most  favorable  characteristics  for  reduction  of  calcium  oxide  are 
those  which  give  rise  to  calcium  vapor;  namely,  reduction  of  calcium  oxide  by  calcium  carbide,  and  dissocia¬ 
tion  of  calcium  carbide. 
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CALCULATION  OF  BATCH  RECTIFICATION  COLUMNS 


Fu  Tszyui-fu 

Chair  of  Chemical  Fuel  Technology,  Tientsin  Polyteclinic  Institute 


There  are  two  alternative  methods  of  carrying  out  rectification  with  batch  rectification  columns.  In  the 
first,  the  reflux  ratio  must  be  varied  in  order  to  keep  the  distillate  concentration  constant.  In  the  second,  the 
reflux  ratio  remains  constant  while  the  distillate  concentration  varies  continuously.  In  batch  rectification,  the 
conditions  (concentration,  temperature,  flow  rate)  vary  continuously  along  the  column  from  the  condenser  to 
the  still  in  the  course  of  distillation.  Therefore,  calculations  of  batch  rectification  are  in  many  respects  more 
complicated  than  calculations  of  continuous  rectification  in  steady  conditions. 

For  binary  mixtures  (only  these  are  considered  herel,  the  McCabe  -  Tliiele  graphical  method  is  generally 
used  for  calculation  of  the  number  of  theoretical  plates,  based  on  the  equilibrium  curve 

y  =  f(x)  (1) 

and  the  equation  for  the  operating  line 

Xp  =  (R  +  1)  .  yn  +  j- Rxn  (2) 

In  these  equations  and  in  the  figures,  y  is  the  molar  concentration  of  the  more  volatile  component  in  the  vapor 
phase,  X  is  the  molar  concentration  of  this  component  in  the  liquid  phase,  R  is  the  reflux  ratio  (at  the  given 
instant),  Xp  is  the  molar  concentration  of  the  distillate  (at  the  given  instant\  n  is  the  number  of  plates  (counted 
downward),  p  is  the  amount  of  distillate  withdrawn  per  unit  time,  in  kg-moles,  and  1  is  the  amount  of  overflow 
in  kg-moles  per  unit  time. 

In  this  way  it  is  possible  to  calculate  the  operating  conditions  at  different  cross  sections  of  the  column 
(Fig.  1).  It  is  also  possible  to  determine  the  relationship  between  the  instantaneous  values  of  Xp,  x,  and  x^,  y^. 
and  R.  It  should  be  assumed  that  in  any  given  section  of  the  column  the  amounts  of  ascending  vapor  and  over¬ 
flowing  liquid  are  constant.  Otherwise  it  is  necessary  to  use  a  heat  diagram  for  graphical  characterization  of 
changes  in  the  amounts  of  liquid  and  vapor  phases  and  heat  changes  in  the  alternating  processes  of  partial  evap¬ 
oration  and  condensation. 


When  the  influence  of  the  amount  of  liquid  present  on  the  plates  (the  plate  holdup)  cannot  be  neglected, 
certain  corrections  must  be  introduced  into  the  equation  for  the  operating  line.  Then 

^n4i 

Xp  =  (R  +  1)  .  yn +1  -  R  •  x„  + - Axj^,  (3) 


where  is  the  holdup  on  the  (n  +  l)th  plate  (the  total  number  of  moles  of  liquid  held  up  above  the  (n  +  l)th 
plate,  including  the  (n  +  1)  th  plate);  Axj^  is  the  change  in  the  concentration  of  the  liquid  held  up  above  the 
(n  +  l)th  plate  during  the  production  of  p  kg-moles  of  distillate  per  hour. 


With  these  corrections  the  equation  of  the  operating  line  will  change  its  form  and  will  no  longer  be  a  lin 
ear  equation,  so  that  calculation  will  be  much  more  complicated.  In  some  cases,  when  H  is  very  small  or  the 
concentration  change  Ax^  differs  little  from  0 ,  the  effect  of  the  retaining  capacity  may  be  neglected  and  the 
above  simplified  calculation  method  may  be  used. 


In  intermittent  rectification  with  constant  concentration  of  distillate  and  variable  reflux  ratio  it  is  very 
important  to  determine  the  average  numerical  value  of  the  reflux  ratio.  If  this  is  known,  it  is  possible  to 
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calculate  the  quantity  of  heat  required  for  heating,  and  also  the  amount  of  cooling  water  for  the  condenser.  If 
the  process  is  carried  out  at  constant  reflux  ratio,  determination  of  the  amount  and  average  concentration  of  the 
distillate  is  important.  Moreover,  in  both  cases  it  is  necessary  to  know  the  duration  of  a  single  distillation  (the 
time  required  for  intermittent  rectification).  Some  of  these  factors  which  influence  the  course  of  intermittent 
rectification  may  be  calculated  by  means  of  the  material  balance  equation.  The  literature  also  contains  a  num¬ 
ber  of  equations  for  analytical  calculations  of  rectification  equipment.  Because  intermittent  rectification  occurs 
in  nonsteady  conditions,  these  equations  are  very  complex  and  graphical  integration  is  required.  In  some  in¬ 
stances,  however,  algebraic  integration  is  possible.  The  present  paper  contains  a  critical  analysis  of  methods 
of  algebraic  integration  described  in  the  literature  [1,  2]. 

Fundamental  Calculation  Equations 

The  analytical  method  of  investigating  the  performance  of  periodic-action  rectification  columns  is  based 
on  the  following  assumptions;  1)  the  influence  of  the  column  holdup  may  be  neglected;  2)  the  amount  of  vapor 
ascending  in  the  column  is  constant  in  any  cross  section  of  the  column;  3)  the  number  of  theoretical  plates  is 
known. 

1st  alternative.  Rectification  at  constant  reflux  ratio. 

Amount  of  distillate.  An  equation  analogous  to  the  Rayleigh  equation  [3]  can  be  used  to  determine  the 
amount  of  distillate  in  this  case.  The  value  of  x  corresponding  to  Xp  should  be  found  by  the  method  illustrated 
in  Fig.  1.  Graphical  integration  can  then  be  performed: 


log 


V 


W=^ogF—  2_3Q3  j  a-  a; , 


X^r 


(4) 


where  F  is  the  amount  of  original  feed  mixture  entering  the  column  (in  kg-moles),  W  is  the  amount  of  residue 
in  the  still  (in  kg-moles);  Xp  is  the  concentration  of  the  distillate  (mole  fraction  of  the  more  volatile  component), 
X  is  the  instantaneous  concentration  of  the  liquid  in  the  still  (mole  fraction  of  the  more  volatile  component),  Xf 
is  the  concentration  of  the  original  feed  mixture  (mole  fraction  of  the  more  volatile  component),  and  is  the 
concentration  of  the  still  residue  (mole  fraction  of  the  more  volatile  component). 


Fig.  1.  Graphical  method  for  calculation 
of  the  number  of  theoretical  plates. 


Fig.  2.  Determination  of  the  average  distillate 
concentration. 

I)  Graphical  solution  of  Equation  (6),  II)  graph¬ 
ical  solution  of  Equation  (7). 


Rose  and  Long  [4]  used  this  method  to  obtain  a  series  of  curves  for  the  relationships  between  the  reflux 
ratio,  relative  volatility,  number  of  theoretical  plates,  and  the  amount  of  still  residue. 

Duration  of  rectification.  The  rectification  time  t  (in  the  first  “alternative)  can  be  calculated  from  the 
following  equation;  ~ 
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(5) 


(/•-ir)(J?+  I) 


where  v  is  the  amount  of  vapor  ascending  in  the  column,  in  kg-moles  per  unit  time. 

Since  the  reflux  ratio  R  is  constant,  the  value  of  v  does  not  change.  At  the  maximum  column  output  the 
numerical  value  of  v  is  detennined  by  the  permissible  vapor  rate. 

Average  concentration  of  distillate.  Kasatkin  [1,  2]  uses  the  theorem  for  the  near  value  of  a  function  to 
express  the  average  distillate  concentration  (Xplgy  in  the  form  of  the  equation 


1  ^ 

=  y.  _y.  j  Xp-  dx 
/  ir  J 

However,  in  this  instance  this  is  not  correct,  as  (Xp)ay  is  not  the  true  average  concentration  of  the  distillate,  as 
is  readily  seen  on  examination  of  Fig.  2,  I,  in  which  Equation  (6)  is  shown  in  grapliical  form. 

In  reality,  the  average  concentration  of  the  distillate  (Xp)^^  should  be  calculated  from  the  following 
equations: 


or 


(7) 


where  P  is  the  total  amount  of  distillate,  and  dP  is  the  differential  amount  of  distillate  (instantaneous  value). 

The  physical  meaning  of  Equation  (7)  is  perfectly  clear.  It  is  evident  from  Fig.  2  II  that  the  true  average 
distillate  concentration  is  found  in  this  way. 

In  practice,  for  calculation  of  (Xpl^^  it  is  possible  to  avoid  integration  of  Equation  (7),  by  proceeding  as 
follows.' 

Since 


then 


F  .  x^  =  W  •  a;,,.  +  P  (a:^)  av 

Fx.  —  Wx^  Fx.  —  Wxm 
)iv  =  ^  =  F-W 


(8) 


From  Equation  (4) 


In 


*/ 

f 

W  3  Xp  —  X  ’ 
*tv 
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Hence 


or 


F 

Y  dx 

J  X-— * 

*  ^ 


(9) 


Substitution  of  Equation  (9)  into  Equation  (8)  gives: 


a  V~ 


Xf- 

Y  d,x 

J  Xp— X 

xyy  ^ 

e 

1  - 

1 

(10) 


J  ^ 


*ir 


At  constant  reflux  ratio  the  average  distillate  concentration  can  be  calculated  by  means  of  Equation  (10); 
or  Equation  (4)  may  first  be  used  to  find  the  amount  of  distillate,  and  then  (Xp)av  is  found  directly  from  Equa¬ 
tion  (8).' 

2nd  alternative.  Rectification  with  constant  distillate  concentration. 

Amount  of  distillate.  From  the  material  balance  equation 


Px^  =  Fx^  —  Wx^y 
or 

Px^  =  Fx^  —  {F  —  P) 


we  have 


F{x^-x^;) 

X^-Xy, 


(11) 


where  F,  Xf,  Xp,  and  the  final  composition  of  the  liquid  in  the  still,  x^,.  are  predetermined.  With  regard  to  Xy^ 
it  may  be  noted  that  in  rectification  of  a  definite  solution,  with  a  known  number  of  theoretical  plates,  the  nu¬ 
merical  value  of  Xvf  should  not  be  less  than  the  value  calculated  for  total  reflux. 

If  the  mixture  is  an  ideal  solution  (i.e.,  if  it  obeys  Raoult's  law)  and  total  reflux  occurs  at  the  end  of  the 
rectification  process,  the  total  amount  of  distillate  can  be  calculated  by  means  of  the  Edgeworth-Johnstone 
equation  [S] 


I 

I  1 

'1  — 

ll-XpJ 

1  1 

,  Xf  J 

.A'+i_  I 


(12) 
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Duration  of  rectification.  In  this  case,  the  duration  of  rectification  for  maximum  column  output  can  be 
calculated  by  means  of  Bogart’s  equation  [6]: 


or 


*ir 


? 

1 

'h' 

1 

[  dx 

J 

a 

[i-L] 

\  V  j 

1  {Xp  —  x)2 

*ir 

—  F  {xp  —  xf)  {R  +  l)rfx 

V  j  {xp  —  a:)2 

*/ 


(13) 


(14) 


If  this  equation  is  used  to  find  x  corresponding  to  R,  the  graphical  method  shown  in  Fig.  1  can  be  used. 

It  is  then  possible  to  find  t  by  graphical  integration. 

Average  reflux  ratio.  Kasatkin  [1,  2]  calculates  the  average  value  of  the  minium  reflux  ratio  by  means 
of  the  theorem  for  the  mean  value  of  the  function:' 


i?av — 


1 


*/ 

j  Rdx 
‘^W 


(15) 


This  is  not  correct.  The  average  reflux  ratio  Rav  is  in  this  case  calculated  from  the  change  of  concentra¬ 
tion  of  the  liquid  in  the  still,  which  has  no  practical  significance. 

To  calculate  the  required  total  heat  consumption  and  the  consumption  of  cooling  water  in  a  single  recti¬ 
fication,  it  is  first  necessary  to  determine  the  total  reflux  L  for  the  whole  process. 

This  can  be  found  from  the  equation: 


L 


L=  j  dL, 
0 


where  dL  is  the  instantaneous,  infinitesimal  amount  of  reflux. 
dL 

However,  since  R  = - ,  we  have 

dP 


where  Rf  and  Ry„  are  reflux  ratios  corresponding  to  liquid  concentrations  Xf  and  x^.  Rf  and  R^  are  the  initial  and 
final  reflux  ratios. 

Then  the  average  reflux  ratio  can  be  represented  as 


=  fldP  (16) 
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or 


f  R-dP 


(17) 


After  Rgy  has  been  found,  it  is  multiplied  by  P  to  calculate  the  total  amount  of  reflux  L  for  a  single  batch 
rectification.  It  is  then  possible  to  calculate  the  amount  of  liquid  to  be  evaporated  and  the  amount  of  vapor  to 
be  condensed.  In  this  way  it  is  easy  to  determine  separately  the  consumption  of  heating  steam  for  evaporation 
of  the  liquid  and  the  consumption  of  cooling  water  in  the  condenser. 


After  the  rectification  has  continued  until  the  concentration  of  the  residue  in  the  still  is  x,  from  the  ma 
terial  balance  equation 


F  {x/  —  x) 

Xp  —  X 


we  have  after  differentiation 

(^/  —  ^p)  dx 

{Xp  —  X)2 


(18) 


Substitution  of  this  expression  into  Equation  (16)  gives: 


R 


—  F  (xf  —  Xp) 


Rdx 


av 


ajv 


(Xp  —  x)2 


(19) 


We  now  substitute  Equation  (11)  into  Equation  (19)  to  give 


R 


av  —  Xyj 


—  Xyy) 


j 


Rdx 

{xp  —  a;)2 


(20) 


Comparison  of  Equations  (14),  (15),  and  (19)  shows  that  Equation  (19)  and  the  Bogart  equation  have  the 
same  form  of  integral,  and  differ  in  this  respect  from  A.  G.  Kasatkin’s  equation. 

All  the  equatioris  derived  or  quoted  above  are  collected  in  the  Table. 

Algebraic  Integration  of  the  Equations 

Equations  (a),  (d),  (f),  and  (g)  given  in  the  Table  were  derived  by  graphical  integration.  Algebraic  inte¬ 
gration  can  give  solutions  of  great  practical  importance. 

For  analysis  of  the  performance  of  a  rectification  column,  and  for  calculation  of  its  characteristics,  it  is 
first  necessary  to  determine  the  functions  of  many  variables. 

For  ideal  solutions,  we  have  the  general  relationship 

0{R,  n,  Xp,  X,  a)  =  0,  (21) 


where  a  is  the  relative  volatility  of  a  binary  mixture. 

With  the  use  of  a  the  phase  equilibrium  function  y  =  f  (x)can  be  expressed  algebraically  in  the  form  of 
the  equation 


91G 


1  +  (a  —  l)x  • 


(22) 


For  iionideal  solutions  tlie  function  y  =  f  (x) 
may  be  algebraically  expressed  as 

R,  Xp,  a:,/(a:)]  =  0.  (23) 

In  Kasatkin's  [1,  2]  algebraic  solution  of 
this  equation  there  is  an  error.  He  considers  that 
the  equation 


R  min  — 


—  ?/ 
y  —  x 


(24) 


and  the  equation 


H  —  ■'Pp  yp 


(25) 


are  of  analogous  construction,  and,  since  the  com¬ 
position  of  the  vapor  over  the  liquid,  as  a  function 
of  the  liquid  composition,  y  =  f  (x)  may  be  repre¬ 
sented  as 


^  1  +  (a  —  1)  a: 


it  is  therefore  possible  to  represent  the  relationship 
between  x  and  y)  in  an  analogous  manner: 


Vq- 


!-{-(«'  —  1)  ^  ’ 


(26) 


where  is  the  minimum  reflux  ratio;  y  is  the 
equilibrium  concentration  of  vapor  over  the  solu¬ 
tion  with  concentration  x  in  the  still;  y^  is  the 
ordinate  corresponding  to  the  abscissa  x  of  the  point 
at  which  the  operating  reflux  ratio  is  R  (as  shown 
in  Fig.  3). 

Thus,  by  elimination  ofyo  from  Equations 
(25)  and  (26)  it  is  possible  to  derive  a  functional 
relationship  between  Xp,  x  and  R 


Xp  —  ['i' —  {a.' —  \)  Xp\  X 

x(a'— l)  —  (a'  — 1)2-2  •  (27) 


Hence,  direct  algebraic  integration  of  Equa¬ 
tions  (6)  and  (15)  is  possible.  We  then  have: 
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(28) 


^av 


(1  - 

_ ^  _ ^• 

0.435  (a'  —  1) 


and 


"  («'  —  1)2 


2.3  \+{^'  —  \)x^  R{3:f  +  x^y) 

X^  —  Xyf  +  {l'  —  i)Xyy  2 


(29) 


Thus,  by  plotting  a  graph  (Fig.  3)  for  a  definite 
number  of  plates  n  and  a  definite  value  of  found  for 
a  single  selected  value  of  the  reflux  ratio  R,  we  can 
find  the  value  of  )(,  corresponding  to  x. 

Substitution  of  yo  and  x  into  Equation  (26)  gives 
a'.  By  substitution  of  the  value  found  fora’  into  Equa¬ 
tion  (28)  with  the  number  of  plates  n  and  the  reflux 
ratio  R  known,  yo  corresponding  to  the  value  of  x  is 
found  graphically.  By  using  the  values  found  for  x  and 
yo  in  Equation  (26)  we  can  calculate  a'  for  Equation 
(29). 

Fig.  3.  Calculation  of  the  operating  •  .  j  .  i-  .u  4.  ^  <• 

°  ,  r  o  It  was  pointed  out  earlier  that  the  derivation  of 

concentration  line.  _  .  ...x  .  •  .u  r  .u 

Equation  (6)  and  (15)  contains  an  error;  therefore,  the 

equations  obtained  by  integration  also  contain  an  error, 

even  if  Kasatkin’s  integration  method  is  correct.  If  the  algebraic  integration  is  performed  correctly,  Kasatkin’s 
Equation  (27)  can  be  used  for  direct  integration  of  Equations  (a),  (d),  (f),  and  (g)  in  the  Table,  as  Equation  (27) 
is  the  simplest  form  of  the  function  represented  by  Equation  (21). 

Thus,  if  Kasatkin  ’s  algebraic  integration  method  was  correct,  many  complex  calculations  of  the  rectifi¬ 
cation  process  could  be  simplified  considerably.  It  is  therefore  very  important  to  detect  and  discuss  the  error 
inherent  in  the  integration  method  itself.  The  essence  of  Kasatkin’s  theory  [1,  2]  is  that  the  terminal  point 
(yi  ,  x)  of  the  operating  line  lies  on  a  line  similar  to  the  equilibrium  curve  y  =  f  (x),  and  therefore  in  the  equa¬ 
tions  for  the  two  curves  a  ’  differs  from  a. 


Fig.  4.  Determination  of 
the  operating  concentration 
path. 


However,  despite  the  fact  that  the  operating  line  for  the 
minimum  reflux  ratio  and  the  operating  line  for  the  actual  reflux 
ratio  are  straight  lines  and  are  even  analogous  in  their  construc¬ 
tion,  there  is  no  reason  for  assuming  that  the  path  of  the  terminal 
point  (X,  yj,  )  and  the  path  of  the  point  of  intersection  of  the  op¬ 
erating  line  for  the  minimum  reflux  ratio  with  the  equilibrium 
curve  belong  to  the  same  family  of  curves. 

From  the  mathematical  aspect  the  following  inaccuracies 
in  Kasatkin’s  derivation  may  be  pointed  out.  The  equilibrium 

curve  y  =  - — —r: —  may  be  written  in  the  formi 

1  +  (a  -  l)x  ^ 


_ y 

^  n.  —  (a  —  1)  y 


(30) 


The  operating  line  can  be  represented  as 


;'/  =  xj, 


R 

-j_  1  ~  ^p)- 


(31) 
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If  wc  take  n  =  3,  then  in  Fig.  4  we  can  consecutively  determine  the  points  pifxj,  yj),  pjfxg,  yg),  pjfxg,  yg), 
Qi(xi.  yg),  Ogfxg,  yg),  Qsfx,,  y4). 

We  find  the  coordinates  of  these  points; 


i/j  = 


_ _ ^ 

■^1  ~  3  —  (a  —  1 )  Xp  ~  Ki 


where  Kj  =  a  —  (a  -  l)Xp. 

Substituting  the  value  of  Xj  into  Equation  (31),  we  have; 

R  /  Xp  N  /I  -I-  A 1 

j/2  =  Xp+  -J^  ,  -  Xpj  =  Xp  , 

_ 

K^R^Kl  ’ 


where 

Ag  =  aA'i  —  (a  —  1)  Xp  =  a2  _  (*2  —  1)  Xp. 


Further 


R 

?/3  =  +  /?  .|-  “l 


R  +  K, 


KU^Kt 


xp'j  = 


R‘>^  (A^  -|-A^)i?  +  A-^ 
A'o«-  f  (^2+  A1)K  ’ 


R2  (A^  4-/^2)  if +  Ai 

AV12 -f-(A2  +  A'2)7i  +  A? 

.  f.  Dr  +  +  4 

Ct  (Ct  1  )  J^tj  ■  .» 

'^Ay72.,_(A^-l-Af)A-l-Af 

772  ,|_  ( A,  +  A^g)  R  + 

A3772 -I- A^Ay7  + 


7/4  =  ^’p 


R_  772+(A^  -|- Ay  77  +  ^1 
«  1  \  '  7^772  +  A^  A3/7  +  K'l 


AVD  I-  (7^/1.,  + A'.,)  772  +  (A'i/v2-t-  A-’)77  -f  A-' 


where  Kj  =  aKg  -  (of  -  Dxp  =  -  (w®-  l)Xp. 

The  coordinates  of  the  point  Q3  vary  with  R(and  with  the  number  of  plates  n).  In  the  present  instance 
the  value  of  the  reflux  ratio  R  is  variable.  The  path  of  the  point  O3  may  be  represented  by  the  following  para¬ 
metric  equation; 
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.  K.^m  \  1< iK^li  I-  K'j 

_  IP  [  (^1+  \K.,)  IP  \{KiK^\  K\)H  \-h  -; 

~K^IP  -f  (A-^A^f  A’,)  IP  +  A-2  4  K'i)  li  4  A?) 


Equation  (32)  cannot  be  reduced  to  the  form  of  Equation  (26) 


(32) 


a 'a; 

^""1  4-(a'  —  l)a;  ' 

In  order  to  modify  Equation  (32)  to  give  an  equation  of  the  type  of  (26),  it  is  necessary  to  introduce  a 
constant  a  to  obtain  the  following  identity; 


+  (^1  +  ATg  4-  K^)  m  +  {K^K^  +KI)R  +  KI 
K^IP  I  {K^K^  +  K^)  m  4-  (A'iA:^  4-  k\)  r  +  k\ 

R'^+{K^+  K^)R-\-K\ 


1  +  («'  —  !) 


R2J^(^K^^  K^)R  +  K\ 
K^R’^  ^r  ATiATg/I  +  A? 


_ o.'x^{lP-\-{K^+  K^)R-\-KW _ 

[ATg  +  (*'  -  1)  x^]  m  +  [K,K^  +  (a'  -  1)  (ATj  4-  ATg)  x^]  R  +  [AT?  (a'  -  1)  x^AT?]  ’ 


(33) 


Reducing  Identity  (33)  to  a  common  denominator,  we  obtain  an  equation  of  the  5th  degree.  Introduction 
of  a’  results  in  inequality  of  the  coefficients  in  the  left  and  right  sides  of  Equation  (6). 

We  compare  the  coefficients  of  the  highest  and  of  the  independent  terms. 

The  highest  term  (5th  power) 

4“  (®*  —  1 )  3 

—  Xp  =  o.'K^  —  a'xp 

The  independent  term; 

K\[K\-\-{r,'-\)x^K\]^Kla'K\ 

Afj  4-  (a'  —  1)  Xp  =  a' 

Ki=a'  —  (a'  —  1)  Xp 
a.'  =  a 


Not  only  do  the  two  results  fail  to  coincide,  but  they  have  no  practical  meaning.  This  means  that  Equa¬ 
tion  (32)  cannot  be  reduced  to  the  fonn  of  Equation  (26). 

For  ideal  solutions,  Kasatkin  gives  another  method  for  analytical  calculation  of  Rgv  and  (Xp)ay.  By  using 
the  equations 
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and 


ax 

y  =  iTT)-^ 


we  obtain 


H  _  ^p-1-  [xp{a  —  i)  —  a\x 
(a— l)x— (a  — l)x2  * 


(34) 


Integration  of  the  equations 


1 


(H  min  J  if, 

H,- 


•  dx 


(35) 


and 


•y  V 


rfx 


®W’ 


y  —  •‘'UP' 


(36) 


gives  equations  analogous  to  Equations  (28)  and  (29).  Only  a'  and  R  in  Equations  ( 28)  and  (2Si)are  replaced  by 
a  and 

Multiplication  of  the  calculated  average  minimum  reflux  ratio  (Rrnin^av  coefficient  b  gives  the 

practical  average  reflux  ratio 

/?  av=  b  (ff  mln)  aV  (37) 


In  the  above  equations  the  algebraic  integration  is  carried  out  correctly. 

However,  only  the  average  minimum  reflux  ratio  can  be  found  from  Equation  (37),  while  the  practical 
values  of  Rg^  and  (Xp)gy  cannot  be  determined,  as  to  determine  the  coefficient  b  it  is  first  necessary  to  calcu¬ 
late  Rgy  from  (21)  or  (23).  Then,  by  means  of  Equation  (37),  with  the  value  of  (R,nin)av  l<nown,  the  value  of  b 
can  be  found. 

The  next  stage  is  to  find  the  actual  functional  relationship  (21)  or  (23). 

For  ideal  solutions,  Smoker  [7]  derived  the  equation 


x=  K 


_ (inc^Y  (xp  —  K)  _ 

r  a”  —  (mc'^Y  1  ’ 

_  {me)  (a  -  1)  (Xp  -  K)  ^  J 


(38) 


R  Xp 

where  m  =  — - — ,  c  =  1  +  (a  -  11  K,  b  =  — —  . 

R  -f  1  R  -t-  1 

The  value  of  K  ranges  between  0  and  1. 

K  is  the  root  of  the  following  quadratic  equation: 

m  (a  -  1)  K*  +  [m  r  b(a  -  1)  -  o]  K  +  b  =  0. 
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In  the  derivation  of  this  equation  it  was  assumed  that  the  equilibrium  curve  coincides  with  the  functional 


relationship  y= 


ax 


No  other  assumptions  were  made.  This  equation  can  therefore  be  regarded  as 


1  +  (of  -  l)x 

sufficiently  rigid  and  accurate.  Comparison  of  results  calculated  by  means  of  Srnoher's  and  Kasatkin's  equa¬ 
tions  clearly  reveals  considerable  discrepancies  between  the  two. 


For  example,  if  the  number  of  theoretical  plates  n  =  4,  the  reflux  ratio  R  =  19,  the  relative  volatility 
a  =  2,  and  the  distillate  concentration  Xp  =  0.9.  Smoker’s  equation  gives  x  =  0.4  for  the  concentration  of  the 
solution  in  the  still. 


Substituting  the  values  of  R,  Xp  and  x  into  Equation  (25),  we  find  yo  =  0.425.  Further,  substituting  the 
calculated  values  y^  =  0.425  and  x  =  0.4  into  Equation  (26),  we  find  a’  =  1.11. 

Then,  for  definite  values  of  n,  R,  a,  and  Xp  =  0.98,  Smoker's  equation  gives  x  =  0.6.  For  the  same  con¬ 
ditions  (and  at  X  =  0.6)  Equation  (27)  gives  Xp  =  1.15. 

This  illustrates  the  discrepancy  between  the  results  of  calculations  by  the  two  methods,  and  demonstrates 
the  erroneous  nature  of  A.  G.  Kasatkin's  derivation. 


In  theory,  by  integration  of  Equations  (a),  (d),  (f),  and  (g)  with  the  aid  of  Smoker's  equation,  it  is  possible 
to  find  algebraic  solutions. 

However,  as  the  functional  relationship  in  this  case  is  very  complex,  algebraic  integration  is  very  difficult, 
and  the  algebraic  solution  is  a  complex  expression.  Therefore,  the  use  of  these  equations  does  not  in  any  way 
simplify  calculations  of  rectification  columns  as  compared  with  the  graphical  method. 

In  addition  to  Equation  (38),  Lewis  [8],  Underwood  [9,  10],  Harbert  [11],  Stoppel  [12],  Clark  [13],  Eshaya 
[14],  Amundson  [15],  Mitsuho  Hirata  [16],  and  others  have  proposed  various  algebraic  expressions  for  relation¬ 
ships  between  the  number  of  theoretical  plates  n,  the  reflux  ratio  R,  the  distillate  concentration  Xp,  the  con¬ 
centration  in  the  still  x,  and  the  functional  phase  equilibrium  relationship  y  =  f  (x).  Some  of  these,  such  as 
Clark's  and  Eshaya 's  equations,  are  algebraic  formulas  for  nonideal  solutions.  However,  all  these  functional 
relationships  are  very  complex.  Therefore,  direct  integration  of  Equations  (a),  (d),  (f),  and  (g)  with  the  aid  of 
these  fonnulas  is  difficult. 


For  total  reflux,  the  functional  relationship  (21)  or  (23)  is  very  simple,  and  when  the  value  of  t;he  relative 
volatility  shows  only  small  deviations  the  number  of  theoretical  plates  can  be  determined  by  means  of  the 
Fenske  equation  [17] 


log 


n  = 


I 

u- 


log 


1  \ 
x7r  / 


(39) 


Gilliland  [18]  used  this  relationship  and  integrated  Equation  (a)  to  obtain  the  following  equation 


1 

-  1 


In 


a;|y(l— a:^)  \  —  Xj 

x^{\-x^)  ^  1— a:,,-’ 


(40) 


Equation(40)represents  the  general  relationship  between  the  relative  volatility,  the  maximum  degree  of 
separation,  and  the  minimum  number  of  theoretical  plates.  However,  in  practical  rectification  this  equation 
also  is  of  no  help  in  integration  of  Equations  (a),  (d),  (f),  and  (g)  for  determination  of  the  amount  of  distillate 
(Xp)av  reflux  ratio  Rav.  and  the  time  required  for  intermittent  distillation. 

In  some  special  instances  of  practical  rectification  the  functional  relationship  (21)  and  (23)  may  be  ex¬ 
pressed  in  simpler  form,  and  the  basic  Equations  (a),  (d),  (f),  and  (g)  are  easier  to  integrate.  Tliis  matter  is  con¬ 
sidered  in  the  following  section. 
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Analytical  Calculation  When  the  Concentration  of  the  Distillate  is  Close  to  1 
Under  such  conditions  wc  can  nsc  Underwood's  equation  [191 


'  '  L  I  -  t  (*.-  I)  J-  «(i  -  I,)  ’ 


wliere  k  =  -  — . 

R  +  1 

Integration  of  Equation  (a)  then  gives: 


loglf^  =iog/r  _  [-  A'-ia»iog(l  _  a:)  + 

■flog!  (^  -  1 )  ^  +  (^  -  1 )  -  -  1 ) ; 

Equation  (d)  is  simplified  and  reduced  lo  the  form 


’4- 

_  ay  .  e  ''  —W 


e  —  1 


The  value  In  —  in  Equation  (43)  is  detennined  by  Equation  (42). 

W 

In  tlieory,  Equations  (f)  and  (g)  may  also  be  integrated  to  give  an  algebraic  solution.  However,  algebraic 
integration  of  these  equations  is  very  difficult. 

The  following  assumptions  must  be  valid  in  calculations  with  the  use  of  Equations  (42)  and  (43>.Xp  approach¬ 
es  1;  a  is  constant. 

Analytical  Calculation  for  Cases  in  Which  the  Functional  Relationship  for  the 


Phase  Equilibrium  is  binear 

For  some  solutions,  usually  within  fairly  wide  limits,  the  equilibrium  line  may  be  represented  by  the 
equation  y  ax  i  m.  For  very  dilute  solutions  m  =  0  ( a  and  iTi_are  constants).  Thomiann  [20]  derived  the  fol¬ 
lowing  equation  for  such  conditions: 


L«(«  +  1) 


7H- 1 

_l{ _ 

ji  4- 1 


Equation  (44)  can  be  simplified  and  reduced  to: 


r  ^  -1 

IW-l 

1 

i  ~~~  '7*  1 

r  fl  n 

n — ; 

1 

V  Jl+l) 

'  '  /(+1 1 

- X\ 

r  i?+iJ 

Equation  (a)  (sec  Table)  can  then  be  integrated: 

logll'  =l„g/.-  l)  £]j'/ 
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where 


n 

a{R  +  \)_\ 


a  — 


a  -\  R\  I  1 
7i  4- 1  /  ^  «  4- 1  ’ 


B  =  a 


n 

/H- 1  ’ 


C  =  m 


n  r  n 

77-^  1  [«(«4  1)  J  )' 


The  solution  of  Equation  (d)  resembles  Equation  (431,  but  the  value  In  --  in  it  is  determined  by  Equation 

w 

(46). 

It  is  sirrtilarly  possible  to  integrate  Equations  (f)  and  (g)  in  order  to  obtain  algebraic  solutions.  However, 
algebraic  integration  here  is  also  very  difficult. 

In  addition,  Suen  [21],  and  Thomson  and  Beatty  [22],  proposed  calculation  methods  for  the  case  when  the 
equilibrium  curve  is  a  straight  line.  These  calculation  methods  are  essentially  analogous  to  Thormann’s  meth¬ 
od.  They  can  also  be  used  to  integrate  Equations  (a),  (d),  (f),  and  (g). 

Dodge  and  Huffman  [23]  made  a  different  approach  to  the  calculation;  if  y  =  ax,  simplification  of  Lewis’s 
equation  [8]  gives  the  following  equation: 

2.303,  4rp4-7? 

n—  ^  log 


a  P 

where  A  =  a  -  1  +  ,  B  = 

Equation  (47)  can  be  used  for  integration  of  Equation  (a)  (see  Table) 


logiT=logF  — 


I 


2.303(4/  —  1) 


log 


44 

X^y 


(48) 


where  ^1/  = - — f - 

This  equation  is  less  complicated,  but  accurate  calculation  results  can  only  be  obtained  if  the  functional 
relationship  for  the  phase  equilibrium  is  of  the  form  y  =  ax  and  if  the  column  contains  a  large  number  of  plates. 
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HARD  GOLD  PLATING 

A.  G.  Atanasyants,  N.  T.  Kudryavtsev,  and  V.  M.  Karataev 

One  of  the  disadvantages  of  gold  coatings  is  their  low  resistance  to  wear.  Gold-plated  parts  working  under 
friction  (moving  current  collectors,  etc.)  quickly  become  unserviceable  owing  to  abrasion  of  the  gold  coating. 

It  was  therefoie  very  desirable  to  study  the  possibility  of  producing  gold  coatings  of  higher  hardness  and  wear 
resistance. 

Very  little  information  is  available  in  the  literature  on  hard  gold  electroplating.  According  to  literature 
data  [1],  small  amounts  of  nickel  in  the  form  of  a  complex  cyanide  salt  should  be  added  to  the  gold  cyanide 
electrolyte  for  this  purpose.  The  cathodic  deposit  formed  contains  only  0.1 770  nickel.  It  is  stared,  however, 
that  this  is  enough  to  increase  the  hardness  of  the  gold  coating  appreciably  without  affecting  its  external  appear¬ 
ance.  According  to  Billiter  [2],  0. 6-1.0  g  of  nickel  per  liter  can  be  added  to  the  electrolyte  in  the  form  of  car¬ 
bonate.  Krause  [3]  recommends  the  addition  of  2  to  ?P]o  of  nickel  in  the  form  of  a  complex  nickel  and  potassium 
cyanide  salt.  The  electrolyte  is  warmed  to  30-50”.  Winkler’s  process  [4,5]  described  in  foreign  patents  (Germany, 
France,  Canada,  Italy,  Switzerland,  England,  and  U.SJ^.)  in  1931-1932  is  based  on  the  use  of  a  pulsating  current 
and  commutator.  According  to  this  author,  it  is  possible  to  introduce  up  to  1.7%  of  nickel  into  the  gold  deposit 
and  to  obtain  a  ternary  copper-nickel  -gold  alloy  by  this  method.  Boitsov  et  al.  [6]  report  that  copper,  depos¬ 
ited  in  large  amounts  together  with  gold,  also  increases  the  hardness  of  the  coatings. 

Production  of  gold  -  nickel  and  gold  -  cobalt  alloys  is  difficult  because  the  potentials  of  nickel  and  co¬ 
balt  in  cyanide  solutions  differ  considerably  from  the  cathode  potential  of  gold.  The  deposition  potentials  of 
nickel  and  cobalt  are  more  electronegative  than  the  deposition  potential  of  gold.  Therefore  for  joint  deposi¬ 
tion  of  nickel  or  cobalt  with  gold  it  is  necessary  to  use  considerably  higher  current  densities  than  for  deposition 
of  gold  alone.  At  high  current  densities,  however,  gold  is  deposited  in  powder  fonn. 

It  was  necessary  to  find  electrolysis  conditions  in  which  the  cathode  potentials  of  the  deposited  metals, 
gold  and  nickel  or  cobalt,  are  similar  at  relatively  low  current  densities,  suitable  for  deposition  of  gold. 

EXPERIMENTAL 

The  effects  of  electrolyte  composition  and  electrolysis  conditions  on  the  composition,  structure,  and  hard¬ 
ness  of  the  deposits  were  studied.  Deposits  of  the  maximum  fiardness  obtained  from  various  baths  were  subjected 
to  comparative  tests  for  wear  resistance,  contact  continuity,  corrosion  resistance,  porosity,  adherence,  etc.  The 
composition  of  the  deposits  was  determined  by  chemical  analysis,  and  the  quality  of  the  deposits  was  evaluated 
by  visual  inspection  under  10-fold  magnification  and  from  photographs  of  individual  specimens  under  487-fold 
magnification  to  reveal  the  microstructure. 

The  hardness  of  tlie  coatings  was  detennined  by  means  of  the  PMT-3  instrument  at  10  and  20  gram  loads. 

Tlie  wear  resistance  of  the  coatings  was  tested  by  two  methods:  1)  by  rotation  of  gold-plated  collectors 
against  stationary  brushes  at  a  pressure  of  35±  5  g,  with  the  rings  rotating  at  60  r.p.m.;  2)  by  abrasion  of  station¬ 
ary  specimens  against  a  vibrating  slider  at  a  pressure  of  0.2  g.  The  groove  formed  by  friction  against  the  slider 
was  measured  after  500,000  oscillations.  MIS-11  and  MBS-1  microscopes  were  used  as  measuring  instruments. 

The  continuity  of  contact  was  detennined  oscillographically  after  each  20,000  oscillations. 

The  porosity  of  the  coatings  was  determined  by  the  action  of  Walker's  reagent  on  the  copper  basis  metal. 
The  adherence  of  tiie  coating  to  the  basis  metal  was  tested  by  the  usual  method,  by  peeling  after  fracture. 
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The  electrolyte  for  hard  gold  plating  was  made  by  addition  of  complex  potassium  -  nickel  cyanide  salt  to  the 
gold  cyanide  electrolyte.  Tlie  nickel  cyanide  salt  was  made  by  dissolving  nickel  sulfate  in  excess  of  potassium 
cyanide.  The  anodes  were  plates  of  sheet  gold  (99.99°fc),  and  the  cell  was  a  porcelain  beaker  0.5  liter  in  ca¬ 
pacity.  The  liquid  was  agitated  mechanically  by  means  of  screw  and  blade  stirrers.  The  thickness  of  the  coat¬ 
ings  was  about  10  The  coating  thickness  was  found  from  the  difference  between  the  weiglits  of  the  plate  be¬ 
fore  and  after  electrolysis. 

To  detemiine  the  optimum  electrolysis  conditions  in  the  electrolyte  of  the  chosen  composition,  cathodic 
polarization  and  current  efficiency  were  studied.  Cathodic  polarization  was  also  determined  in  gold  and  nickel 
electrolytes  separately,  and  hydrogen  overvoltage  at  gold  and  nickel  electrode  was  studied.  Tlie  current  ef¬ 
ficiency  in  different  electrolytes  was  determined.  Specimens  of  brass,  grade  L-62,  7  cm^  in  area,  were  used 
for  the  experiments.  Some  specimens  were  coated  with  a  layer  of  copper  10  p  thick  before  the  gold  plating. 

Data  for  the  polarization  curves  were  obtained  with  the  aid  of  the  LP-5  potentiometer.  The  cathode  was 
platinum,  coated  with  the  metal  to  be  studied  in  a  layer  2  p  thick  before  each  determination.  For  polarization 
measurements  in  tlie  mixed  electrolyte,  the  platinum  was  coated  with  gold.  A  standard  calomel  half-cell  was 
used  as  the  standard  electrode.  Each  current  density  was  applied  for  0.5  minute;  the  cathode  potential  did  not 
change  during  this  time. 

Experiments  on  the  separate  deposition  of  gold,  nickel,  and  cobalt.  The  cyanide  electrolyte  for  gold 
plating  had  the  following  composition  (in  g/liter):  gold  4.65,  potassium  cyanide  (free)  5.15,  potassium  carbon¬ 
ate  32;  electrolyte  temperatures,  18  and  60". 

The  thickness  of  the  gold  plating  was  8  ±  2  p  . 

Dense  gold  deposits,  quite  satisfactory  in  external  appearance,  were  obtained  at  current  densities  up  to 
0,2  amp/dm^  in  the  hot  electrolyte,  and  up  to  0,1  amp./dm^  in  the  cold. 

The  current  efficiency  in  an  electrolyte  containing  7,6  g  of  potassium  cyanide  (free)  per  liter  at  60"  and 
Dp  =  0,2  amp,/dm^  was  about  7fP/r, ;  at  room  temperature  and  Dq  0.1  amp./dm^,  it  was  OSp/o.  The  current  ef¬ 
ficiency  in  an  electrolyte  with  a  higher  cyanide  content  (up  to  15  g/liter)  fell  by  lO^c.  The  hardness  of  the  de¬ 
posits  was  in  the  range  of  95-110  kg/mm^  in  both  cases.  Gold  deposits  obtained  at  room  temperature  were 
harder  than  those  from  the  hot  electrolyte.  Increase  of  the  free  cyanide  concentration  from  7.5  to  15  g/liter 
raised  the  hardness  of  the  deposit  from  96-110  to  110  kg/min^. 

Tlie  nickel  electrolyte  had  the  following  composition  (in  g/liter):  nickel  4.65,  potassium  cyanide  (free) 

15,  potassium  carbonate  32;  electrolyte  temperatures,  18-20  and  60". 

Experiments  at  the  higher  temperature  showed  that  electrodeposition  of  nickel  only  begins  at  a  current 
density  of  0.6  amp./dm^;  at  lower  current  density  only  hydrogen  is  liberated.  The  current  efficiency  is  only 
1.5fl/c. 

At  room  temperature,  in  an  electrolyte  of  the  same  condition,  deposition  of  nickel  on  the  cathode  began 
at  a  lower  current  density,  about  0.4  amp./dm^. 

The  cobalt  electrolyte  had  the  following  composition  (in  g/liter):  cobalt  3.5,  potassium  cyanide  (free) 

15,  potassium  carbonate  32;  electrolyte  temperatures,  20  and  60". 

Platinum  anodes  were  used.  The  elctrolysis  was  carried  out  at  current  densities  up  to  10  amp./dm*;  in 
no  case  was  cobalt  deposited. 

Investigation  of  conditions  for  simultaneous  deposition  of  gold  and  nickel  from  cyanide  electrolytes.  For 
determination  of  the  optimum  electrolyte  composition  for  simultaneous  deposition  of  gold  and  nickel,  solutions 
with  equal  contents  of  the  metals  by  weight  (5  g/liter)  and  of  free  cyanide  (KCNfree  =  15  g/liter)  were  prepared. 
These  solutions  were  mixed  in  such  a  way  that  the  concentration  of  each  metal  varied  from  0.5  to  4.5  g/liter 
while  the  total  content  of  the  two  metals  remained  at  about  5  g/liter.  The  free  cyanide  concentration  was  con¬ 
stant  at  15  g/liter  in  all  the  electrolytes.  The  electrolysis  was  performed  at  electrolyte  temperature  of  60*  and 
current  density  0.2  amp./dm^. 

These  experiments  showed  that  the  nickel  contents  of  the  deposits  were  low,  and  varied  irregularly  with 
the  relative  concentrations  of  the  two  metals  in  solution.  A  considerable  increase  in  the  hardness  of  the  deposits 


was  found  witli  about  of  nickel  in  the  solution,  corresponding  to  a  concentration  of  3.5  g/liter  or  about 

7o<yo. 

The  nickel  content  and  hardness  of  the  deposit  increased  with  increase  of  current  density  up  to  0.6  amp./ 
dm*.  However,  the  structure  of  tlie  deposit  was  irregular  and  it  was  spongy  at  the  tlie  edges  of  tlie  plates. 

Dense  deposits  could  not  be  obtained  from  an  electrolyte  containing  (in  g/liter):  cobalt  3.5,  gold  1.5, 
potassium  cyanide  (free)  15,  and  potassium  carbonate  32.  Spongy  deposits  were  formed  on  the  cathode,  both 
at  room  temperature  and  at  the  higher  temperature,  even  at  a  current  density  of  0.5  amp./dm*. 

A  change  of  the  free  cyanide  concentration  from  7.5  to  20  g  per  liter  in  an  electrolyte  containing  1.5  g  .. 
of  gold  and  3.5  g  of  nickel  per  liter  did  not  have  any  appreciable  influence  on  tire  external  appearance  and 
hardness  of  the  deposits.  With  over  20  g  of  free  cyanide  per  liter  the  deposits  became  spongy. 

A  decrease  of  the  electrolyte  temperature  to  18-20“  at  Dc  =  0.2  amp./dm*  resulted  in  an  increase  of 
hardness  of  the  deposits  to  190  kg/mm*  as  compared  with  160-170  kg/mm*  for  deposits  obtained  from  hot  elec¬ 
trolytes  under  the  same  conditions.  The  greater  hardness  of  the  deposits  formed  at  room  temperatures  is  prob¬ 
ably  the  consequence  of  a  more  finely  granular  structure,  as  tliey  have  somewhat  lower  nickel  contents  than 
deposits  from  hot  electrolytes.  Stirring  of  either  the  hot  or  the  cold  electrolytes  had  no  effect  on  the  permis¬ 
sible  cathodic  current  density. 

The  current  efficiency  was  calculated  only  for  the  gold,  as  nickel  was  present  in  insignificant  amounts 
in  the  deposits.  At  an  electrolyte  temperature  of  60“,  the  cathodic  current  efficiency  at  Dq  =  0.2  amp./dm* 
was  657c;  at  room  temperature  and  the  same  current  density,  it  was  257o.  The  anodic  current  efficiency  was 
equal  to  the  cathodic  at  3  :  1  ratio  of  anode  to  cathode  surface  in  the  hot  electrolyte,  and  at  2  :  1  ratio  in  tlie 
cold.  Under  these  conditions  the  composition  of  the  electrolyte  is  fairly  stable,  and  tlie  main  adjustment  neces¬ 
sary  is  of  the  free  cyanide  content. 

The  following  electrolysis  conditions  for  the  production  of  gold  deposits  of  increased  hardness  can  be  rec¬ 
ommended  on  the  basis  of  these  results.  Electrolyte  composition  (in  g/liter):  gold  1.5,  nickel  3.5,  potassium 
cyanide  (free)  15,  potassium  carbonate  up  to  35;  current  density  Dq  =  0.2  amp./dm*.  The  current  efficiency  is 
between  25  and  607c  for  electrolyte  temperatures  from  20  to  60"  respectively. 

Gold  anodes  are  used.  The  ratio  of  anode  to  cathode  area  is  2  :  1  at  20"  and  3  :  1  at  60".  The  gold  de¬ 
posit  contains  up  to  1.8<7n  nickel,  which  increases  its  hardness  to  150-190  kg/mm*,  according  to  the  temperature 
(60  or  20").  Electrolyte  composition  is  adjusted  mainly  by  additions  of  nickel  cyanide  and  potassium  cyanide. 
The  laboratory  results  were  tested  in  a  larger  cell  with  the  same  results. 

Investigation  of  cathodic  polarization.  The  cathode  potential  as  a  function  of  the  current  density  was 
determined  in  cyanide  electrolytes  in  simultaneous  and  separate  deposition  of  gold  and  nickel  at  20  and  60". 

Tlie  graph  shows  that  at  very  low  current  densities  the  cathode  potential  is  considerably  more  negative 
in  the  nickel  electrolyte  (Curves  1  and  4)  tlian  in  the  gold  electrolyte  (Curves  2  and  5)  under  the  same  condi¬ 
tions.  For  example,  at  =  0.1  amp./dm*  and  electrolyte  temperature  60"  the  difference  between  the  potentials 
is  0.45  V,  and  at  20",  about  0.2  v. 

At  current  densities  of  about  0.15  amp./dm*  at  20"  and  0.35  amp./dm*  at  60"  the  polarization  curves  for 
nickel  and  gold  intersect,  and  at  higher  current  densities  the  relationship  between  the  potentials  is  reversed,  but 
gold  is  deposited  in  spongy  form. 

The  very  low  current  efficiency  in  the  nickel  electrolyte  in  the  operating  current  density  range  (0.15-0.3 
amp./dm*)  can  be  attributed  to  the  low  hydrogen  overvoltage  on  nickel.  The  curves  show  that  the  potential  of 
hydrogen  evolution  is  lower  than  the  cathode  potential  of  nickel  under  the  same  conditions  (Curves  1  and  7). 

For  example,  at  =  0.2  amp. /dm*  the  hydrogen  evolution  potential  is  0.97  v,  and  the  cathode  potential  of 
nickel  is  1.4  v. 

In  the  mixed  electrolyte  at  low  current  densities  (D^  =  0.1-0. 3  amp./dm*)  the  cathode  potential  of  the 
alloy  approaches  the  values  of  tlie  cathode  potential  of  nickel  at  both  temperatures  (Curves  1  and  3,  4  and  6). 

At  liigher  current  densities  the  polarization  curves  for  the  alloy  are  shifted  considerably  in  the  direction  of  less 
negative  values  relative  to  gold,  indicating  that  nickel  exerts  a  depolarizing  action.  The  curve  for  hydrogen 
overvoltage  at  a  nickel  cathode  (Curve  7),  in  contrast  to  the  curve  for  hydrogen  overvoltage  at  a  gold  cathode 
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(Curve  8),  lies  to  tlie  left  of  the  curve  for  the  potentials  of  the  simultaneous  deposition  of  gold  and  nickel  (Curve 
3).  This  is  the  probable  reason  for  the  low  nickel  content  in  the  alloy  deposit.  Increase  of  the  electrolyte  tem¬ 
perature  results  in  a  relatively  small  decrease  of  cathodic  polarization  in  all  cases. 

Tests  of  the  deposits.  The  deposits  formed  from  the  mixed  electrolyte  of  optimum  composition  were 
tested  for  hardness,  porosity,  adherence,  wear  resistance,  contact  quality,  and  protective  properties. 

Porosity  tests  showed  that  coatings  about  10  p  tliick  on  polished  copper  surfaces  have  between  1  and  3 
pores  per  3  cm*,  mainly  at  the  edges  of  the  specimens  and  at  contact  points. 


Polarization  curves. 

A)  Cathode  current  density  Dq  (in  amp./dm*),  B)  cathode  potential  (mv). 

Electrolyte  compositions  (in  g/liter)  and  temperatures  (*C)  respectively:  1)  5Ni  +  ISKCNj-^gg  + 

+  25K2CO3,  20*:  2)  5Au  +  15KCNfj.gg  +  25K2CO3,  20*;  3)  3.5Ni  +  l,5Au  +  ISKCNfjgg  +  25K2CO3, 

20*;  4)  5Ni  +  ISKCNf^gg  +  25K2CO3,60*;  5)  5Au  +  15  KCNfj.gg  n  25K2CO3,  60*;  6)  1.5Au  +  3.5Ni  + 

+  15KCNfree  +  25K2CO3,  60*;  7)  IbKCNf^gg  +  25K2CO3,  20*.  Pt  anode,  Ni  cathode;  8)  IbKCNfjgg  + 

+  25  K2CO3,  20*,  Pt  anode,  Au  cathode. 

Tests  for  adherence  of  the  coatings  to  the  basis  metal  showed  that  the  deposits  do  not  peel  off  when  the 
specimens  are  fractured. 

Comparative  tests  of  wear  resistance  and  contact  properties  of  specimens  coated  with  pure  gold  and  spec¬ 
imens  coated  with  gold  -  nickel  alloys  deposited  from  hot  and  cold  electrolytes  gave  the  following  results.  In 
tests  under  0.2  g  pressure  on  the  rubbing  surface,  the  depth  of  the  groove  rubbed  out  by  the  current  collector  in 
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a  gold  coating  of  the  usual  type  was  1.25  fi ,  whereas  no  changes  were  found  on  the  surface  of  hard  gold  (gold  - 
nickel  alloy  coating). 

Very  minute  gold  particles  were  found  on  the  slider  moving  on  the  pure  gold  coating.  No  gold  was  de¬ 
tected  on  sliders  moving  on  hard  gold  (deposited  both  from  hot  and  cold  electrolytes). 

The  contact  quality  of  hard  gold  deposits  formed  from  cold  or  hot  electrolytes  does  not  differ  from  that 
of  ordinary  gold  deposits  -  the  contact  continuity  is  the  same. 

The  following  results  were  obtained  in  tests  under  35  *  5  g  pressure  at  the  rubbing  surface.  The  groove 
depth  in  a  pure  gold  deposit  was  4.8  p,  in  a  deposit  of  Au  -  Ni  alloy  formed  at  20®,  it  was  1.15  p,  and  at  60®, 

2.5  p.  The  contact  properties  were  unchanged. 

Corrosion  tests  were  carried  out  on  specimens  coated  with  pure  gold  and  with  Au-Ni  alloy  deposited  from 
hot  and  cold  electrolytes. 

The  tests  were  performed:  1)  in  an  industrial  gas  atmosphere,  2)  in  a  mist  chamber,  3)  in  a  humidity 
chamber,  4)  in  a  hydrogen  sulfide  atmosphere,  5)  in  a  cold  and  warm  chamber  consecutively.  The  tests  were 
performed  on  3  specimens  from  each  electrolyte,  with  coatings  10±  2  p  thick.  The  results  of  the  tests  showed 
that: 

1)  the  protective  properties  of  hard  gold  (Au  -  Ni)  deposits  tested  in  an  industrial  gas  atmosphere,  in  a 
humidity  chamber,  and  in  cold  and  warm  chambers  consecutively,  are  somewhat  better  than  those  of  pure  gold 
deposits; 

2)  the  protective  properties  of  hard  Au  -  Ni  deposits  tested  in  a  mist  cliamber  and  in  hydrogen  sulfide  are 
equivalent  to  those  of  ordinary  gold; 

3)  the  protective  properties  of  Au  -  Ni  deposits  from  cold  electrolytes  are  somewhat  better  than  those  of 
Au  -  Ni  deposits  from  hot  electrolytes. 


SUMMARY 

1.  An  electrolyte  composition  has  been  found  for  producing  gold  -  nickel  (gold-based)  alloy  coatings  of 
higher  hardness,  160-190  kg/mm*,  than  that  of  ordinary  gold  coatings,  about  100  kg/mm^.  The  nickel  content 
of  the  gold  -  nickel  alloy  deposit  does  not  exceed  2*^0. 

2.  The  optimum  electrolysis  conditions  for  deposition  of  gold  -  nickel  alloy  coatings  and  a  method  for 
adjusting  the  electrolyte  composition  are  given. 

3.  Gold  -  nickel  alloy  deposits  have  high  wear  resistance  when  used  in  special  current-collecting  equip¬ 
ment  at  pressures  up  to  35±  5  g,  the  abrasion  loss  of  "hard  gold"  deposits  from  cold  electrolytes  being  one  quar¬ 
ter,  and  that  of  deposits  from  hot  electrolytes  one  half,  of  the  abrasion  loss  of  ordinary  gold  deposits.  The  con¬ 
tact  quality  is  fully  retained. 

4.  The  corrosion  resistance  of  "hard  gold"  is  not  inferior  to  the  corrosion  resistance  of  ordinary  gold. 
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ELECTROCHEMICAL  METHODS  FOR  DECORATIVE  SURFACE 


TREATMENT  OF  ALUMINUM  ARTICLES 
P.  V.  Shchigolev 


Electrochemical  and  chemical  methods  for  decorative  surface  treatment  of  articles  made  of  aluminum 
and  its  alloys  are  undoubtedly  destined  for  extensive  practical  use  in  industry.  The  use  of  aluminum  and  its 
alloys  for  production  of  a  wide  range  of  extensively  used  articles,  with  surface  finish  imitating  gold  or  brass, 
and  for  instrument  parts,  will  make  it  possible  to  effect  considerable  savings  of  scarce  and  costly  metals  and 
alloys  (gold,  silver,  brass,  etc.). 

The  production  of  aluminum  articles  with  an  attractive  external  appearance  (combined  luster  and  color) 
is  based  on  tliree  consecutive  technological  stages:  electropolishing  (or  chemical  polishing),  anodizing,  and 
coloring  with  organic  dyes  or  inorganic  colored  compounds. 

The  present  investigation  consisted  of  studies  of  electropolishing,  chemical  polishing,  and  anodizing  of 
technical  aluminum  (AI  and  AO  grades),  and  coloration  of  the  anodic  films  to  give  gold  and  other  colors. 

EX  PERIMENTAL 

Electrolytic  and  chemical  polishing  of  aluminum.  Specimens  in  the  fonn  of  plates  and  wire  spirals  (2 
mm  in  diameter),  and  also  finished  articles  -  bottle  caps  -  were  used  for  the  electropolishing.  The  specimens 
were  merely  degreased  indichloroethane  before  the  electropolishing,  and  were  not  subjected  to  any  mechanical 
treatment.  The  quality  of  the  polished  surface  was  evaluated  by  the  value  of  the  relative  reflectivity  coeffi¬ 
cient  and  by  inspection  under  the  microscope.  The  reflectivity  coefficient  was  determined  by  means  of  the  ap¬ 
paratus  described  by  Chertavskykh  [1].  The  comparison  standard  was  a  mirror  made  by  vacuum  condensation 
of  aluminum  on  a  flat,  carefully  polished  glass  plate. 

Experiments  were  carried  out  to  determine  the  optimum  conditions  for  polishing  aluminum  in  a  sulfuric  — 

—  phosphoric  —  chromic  acid  electrolyte.  It  was  found  that  the  following  electrolyte  has  good  polishing  power: 
H2St')4  (d  =  1.6)  500  cc,  H3P04(d  =  1.55>  500  cc,  CrOj  60  g;  by  weight:  H2SO4  34,  H3PO4  34,  Cr03  3.6,  H2O 
28,4.  The  electropolishing  conditions  are:  anodic  current  density  20-30  amp/dm^,  electrolyte  temperature 
80-90*,  time  3-6  minutes,  potential  10-15  v.  A  lead  cathode  was  used. 

This  electrolyte  can  also  be  successfully  used  for  polishing  aluminum  —  magnesium  and  aluminum  —  mag¬ 
nesium  -  zinc  alloys.  Articles  with  curved  or  spherical  surfaces  acquire  an  excellent  polish,  but  flat  specimens 
exhibit  occasional  stripiness,  especially  after  long  exposures. 

In  our  earlier  publications  we  considered  the  theory  of  the  electropolishing  process  [2],  and  the  physico¬ 
chemical,  corrosion,  and  electrochemical  properties  of  electropolished  aluminum  [3,  6]. 

The  alkaline  electrolyte  proposed  by  Pullen  (for  the  so-called  Brital  process)  [7]  can  also  be  used  for 
electropolishing  of  pure  aluminum:  this  contains  150  g  Na2C03  (anhydrous),  80  g  of  Na3P04  (anhydrous),  and 
H2O  to  1  liter.  Our  experiments  showed  that  increase  of  the  Na3P04  content  of  this  electrolyte  has  a  favorable  ’ 
effect  on  tiic  quality  of  the  polishing.  The  electropolishing  conditions  are:  anodic  current  density  2.5-5  amp/ 
dm^,  cell  potential  12-14  v,  electrolyte  temperature  90“,  treatment  time  10-15  minutes. 

The  chemical  method  of  aluminum  polishing  is  of  particular  interest  in  practice.  The  advantage  of  chem¬ 
ical  polishing  is  that  an  electric  current  or  contact  devices  are  not  needed,  and  the  productivity  of  the  process 
is  very  higli,  being  limited  in  practice  only  by  the  bath  dimensions.  The  following  disadvantages  may  be  men¬ 
tioned:  harmful  gases  are  liberated  during  dissolution  of  aluminum  (ND2,  NO,  etc.),  it  is  difficult  to  maintain 
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a  high  temperature  (100-120”>,  exact  control  of  the  bath  composition  is  required  during  use,  and  the  reflectivity 
of  chemically  polished  specimens  is  somewhat  inferior  to  that  of  electropolished.  Recently  there  have  been 
many  publications  (especially  patents!  in  the  foreign  literature  on  chemical  polishing  of  aluminum  [8-16],  We 
tested  some  of  the  solutions  suggested,  in  order  to  select  the  most  suitable. 

Solutions  of  the  following  com  positions  [8, 9],  in  vol.  "/c,  give  good  chemical  polishing  of  aluminum:  1) 
HjP04(d  =  1.7)80.  CHjCOOHfconq.'l  15,  HNOj  (d  =  1.5)  5;  2)  H3P04(d  =  1.7)  75,  H2S04(d  =  1,84)  20,  HNOj 
(d  =  1.4)  5;  in  wt.  -yc:  3)  HsP04(d  =  1.7)  77.5,  H2SO4  (d  =  1.84)  15.5,  HNOgfd  =  1.52)  6.0,  H3BO3  (cryst)  0.5, 
Cu(N03)2  (cryst)  0.5;  4)  HNO3  13,  NH4HF2  16,  HgO  71. 

In  Solutions  1,  2,  and  3  chemical  polishing  is  carried  out  at  100-110*  for  1-5  minutes,  and  in  Solution  4, 
at  60  ±  5“  for  20-60  seconds.  After  polishing  in  Solution  3,  the  specimens  must  be  treated  in  30-40‘yc  HNO3  so¬ 
lution  at  room  temperature  for  a  few  seconds  to  remove  small  pinpoint  deposits  of  metallic  copper. 

The  above  solutions  are  also  quite  satisfactory  for  polishing  aluminum  -  magnesium  alloys  containing 
0.5-5^c  of  magnesium. 

Anodizing  of  electropolished  aluminum.  The  anodizing  process  consists  of  electrochemical  oxidation  of 
aluminum  acting  as  anode  in  certain  electrolytes.  The  thickness  of  the  oxide  film  formed,  its  composition, 
porosity,  hardness,  elasticity,  and  other  properties  depend  on  the  composition  of  the  electrolyte,  anodic  current 
density,  bath  temperature,  and  duration  of  treatment.  Either  direct  or  alternating  current  can  be  used  for  ano¬ 
dizing  aluminum.  In  decorative  anodizing  of  aluminum  two  important  conditions  must  be  satisfied:  first,  the 
anodic  coatings  must  adsorb  colors  satisfactorily,  and  second,  the  reflectivity  of  the  electropolished  aluminum 
should  not  be  appreciably  diminished  by  the  anodizing  treatment.  Oxalic  and  chromic  acids  are  unsuitable  for 
anodizing  aluminum,  as  fairly  high  potentials  must  be  used  (~40—  60  v),  which  involves  certain  technical  dif¬ 
ficulties,  and,  moreover,  films  formed  in  these  electrolytes  are  self-colored  (yellow  to  brown)  and  therefore, 
pure  hues  are  not  obtained  by  subsequent  coloration  with  organic  dyes. 

The  most  suitable  electrolyte  for  anodizing  electropolished  aluminum  is  H2SO4  solution. 

We  carried  out  experiments  on  anodizing  of  electropolished  aluminum  in  20<yc  H2SO4  solution,  with  direct 
and  alternating  current  (frequency  50  cycles /second)  at  18  and  30°  and  current  densities  from  1  to  4  amp/dm^ 

The  following  results  were  obtained:  1)  increases  of  the  electrolyte  temperature,  treatment  time  (up  to 
a  definite  limit),  and  current  density  favor  formation  of  anodic  films  with  higher  adsorptive  capacity  for  dyes, 
but  the  reflectivity  (luster)  of  the  anodized  specimens  decreases  appreciably,  which  is  highly  undesirable;  2) 
anodizing  by  means  of  alternating  current  yields  anodic  coatings  of  better  adsorptive  capacity  than  coatings 
produced  by  means  of  direct  current;  3)  anodizing  by  means  of  alternating  current  causes  somewhat  less  loss  of 
luster  in  the  electropolished  aluminum  than  anodizing  by  means  of  direct  current. 

The  above  finds  also  apply  to  aluminum  -  magnesium  alloys. 

Anodic  treatment  of  aluminum  —  magnesium  —  zinc  and  aluminum  —  silicon  alloys,  either  by  direct  or  by 
alternating  current,  yields  dark  gray  opaque  oxide  films,  unsuitable  for  decorative  coloration. 

We  recommend  the  following  conditions  for  anodizing  of  electropolished  aluminum  for  decorative  pur¬ 
poses:  electrolyte,  20<7c  H2SO4  solution;  current  density  2  amp/dm*;  electrolyte  temperature  18-20°;  time  20-30 
minutes;  alternating  current. 

Anodizing  by  means  of  direct  current  can  be  carried  out  under  the  same  conditions,  with  a  time  of  15-20 
minutes. 

Anodic  films  of  varying  thickness,  depending  on  the  purpose  of  the  articles  and  the  conditions  in  which 
they  are  to  be  used,  can  be  obtained  by  suitable  variations  of  current  density  and  treatment  time. 

Coloration  of  anodized  aluminum.  The  coloration  of  porous  anodic  coatings  is  similar  in  some  respects 
to  the  dyeing  of  various  fibrous  materials  of  plant  and  animal  origin. 

The  adsorption  of  a  dye  by  a  fiber  and  the  strength  of  the  bonds  between  them  depend  to  a  considerable 
extent  on  the  charge  on  the  fiber  surface,  the  structure  of  the  double  layer  at  the  fiber  -  dye  solution  interface 
[17],  and  the  degree  of  dispersion  of  the  dye  on  solution.  Moreover,  an  important  part  in  dyeing  processes  is 
played  by  the  molecular  structure  of  the  dye  and  the  material,  and  by  the  chemical  reactions  between  them. 


The  problem  of  dye  fading  is  extremely  complex,  and  has  not  yet  been  solved  even  ingeneral  terms. 

The  action  of  solar  or  artificial  radiation  on  presence  of  moisture  induces  complex  photochemical  reactions 
accompanied  by  destruction  of  the  dyes  [18], 

Anodic  coatings  can  be  dyed  either  with  organic  dyes  of  different  classes,  or  with  inorganic  soluble  or 
insoluble  colored  compounds  (pigments).  The  correct  selection  of  organic  dyes  and  the  optimum  dyeing  con¬ 
ditions  (dye  concentration,  pH,  temperature  of  the  dye  bath,  dyeing  time),  as  well  as  the  anodizing  conditions, 
are  important  for  the  production  of  attractive  and  stable  colors. 

Several  methods  may  be  used  for  coloration  of  anodic  coatings  with  inorganic  compounds. 

1.  Formation  of  a  colored  insoluble  compound  (salt)  by  double  decomposition  in  the  pores  of  the  coating 
[19-22].  For  example,  different  shades  of  blue  can  be  produced  in  anodic  coatings  by  immersion  first  in 
ferric  chloride  (FeClj)  solution  for  a  few  minutes,  followed,  after  rinsing  in  water,  by  immersion  in  solution 
of  potassium  ferrocyanide  (K4[Fe(CN)6]).  An  insoluble  blue  precipitate  of  Prussian  blue  is  formed  in  the  pores 
of  the  coating. 

2.  Reduction  or  oxidation  of  various  metallic  salts  directly  within  the  pores  of  the  coating  to  give  col¬ 
ored  compounds  [20,  22].  For  example,  salts  of  copper,  silver,  and  gold  are  easily  reduced  in  the  coatings, 
which  become  colored  reddish  brown,  violet-brown,  and  black.  Lead  salts  are  oxidized  by  potassium  perman¬ 
ganate  to  give  brown  lead  peroxide,  and  cobalt  salts  give  the  dark  brown  hydroxide. 

3.  Precipitation  of  colored  hydroxides  in  the  pores,  by  hydrolysis  of  heavy-metal  salts  [20,  22].  An  at¬ 
tractive  gold  color  may  be  produced  by  immersion  of  anodized  articles  for  10-15  minutes  into  1.5<yc  ferric  am¬ 
monium  oxalate  solution  [(NH4)3Fe (€204)3  •  SlIjO]  at  60*.  The  salt  is  hydrolyzed  with  formation  of  ferric  hy¬ 
droxide  which  is  deposited  in  the  pores  of  the  coating  and  colors  it. 

4.  Filling  of  the  anodic  coating  with  photosensitive  salts  which  decompose  under  the  action  of  light  to 
give  colored  products.  This  method  can  be  used  for  the  production  of  photographic  plates  after  the  anodic  coat¬ 
ing  has  been  filled  with  silver  bromide  [20,  23,  24], 

5.  Treatment  of  the  coatings  with  solutions  of  colored  salts,  which  color  the  coatings  by  adsorption  or 
chemical  reaction  with  them.  An  example  is  the  chromate  treatment  used  as  a  protection  against  corrosion, 
which  confers  a  yellow  color  to  the  coating.  The  treatment  is  carried  out  in  5-10'yc  K2Cr207  solution  at  95*  for 
15-25  minutes,  or  in  K2Cr207  solution  with  additions  of  Na2C03  or  NaOH  [25], 

Experiments  were  carried  out  to  determine  the  optimum  conditions  for  dyeing  anodized  aluminum  with 
mordant  dyes.  These  organic  dyes  contain  hydroxyl,  carboxyl,  and  other  groups  capable  of  taking  part 'in  the 
formation  of  stable  complex  compounds  with  metallic  salts  (known  as  mordants)  with  which  the  fabrics  are 
impregnated.  Salts  of  aluminum,  chromium,  iron,  etc.,  are  used  as  mordants.  As  the  pore  surface  of  the  anodic 
coating  is  strongly  hydrated,  and  the  pores  may  contain  appreciable  amounts  of  H2SO4,  which  forms  aluminum 
sulfate  (or  possibly  the  basic  salt)  with  Al(OH)3,  such  a  coating  is  a  very  suitable  basis  for  the  application  of 
mordant  dyes. 

We  recommend  the  following  formulations  for  gold  coloration  of  anodized  aluminum:  1)  Mordant  Yellow 
1  g.  Alizarin  Red  C  0.14-0.3  g,  water  (distilled)  1  liter;  2)  Mordant  Yellow  1  g.  Alizarin  Orange  P  0.15-0.3  g, 
water  1  liter.  Dye  bath  temperature  70-80*,  time  3-10  minutes. 

These  dye  mixtures  color  the  anodic  coatings  in  various  shades  (from  yellow  to  reddish)  according  to  the 
anodizing  conditions  and  the  dyeing  time.  Oxide  films  formed  by  anodizing  with  direct  current  at  0.5-1  amp/ 
dm*  at  20*  are  colored  in  redder  shades  (the  color  of  red  gold).  Definite  standard  anodizing  and  dyeing  condi¬ 
tions  must  be  carefully  maintained  in  order  to  obtain  particular  shades. 

For  production  of  red,  orange,  and  yellow  colors  the  above-named  dyes  can  be  used  singly.  The  dye  con¬ 
centration  should  be  1  g/liter,  t  =  70-80*,  time  3-10  minutes. 

Experiments  were  then  carried  out  iu  order  to  determine  the  influence  of  various  treatments  of  the  ano¬ 
dized  specimens,  before  and  after  dyeing,  on  the  fastness  of  the  colors  to  alcohol  and  tap  water  at  room  tem¬ 
perature,  and  to  boiling  water. 

Alternating  current  was  used  for  the  anodizing  (t  =  18*,  la  =  2  amp/dm*,  time  20  minutes),  and  a  mixture 
of  Mordant  Yellow  +  Alizarin  Red  C  was  used  for  dyeing,  the  time  being  6  minutes. 
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The  following  treatments  were  tested;  1)  dyeing  of  the  anodized  specimens  immediately  after  washing 
in  water;  2)  dyeing  of  specimens  heated  in  a  drying  oven  at  120®  for  3  hours;  3)  dyeing  after  treatment  in  dis¬ 
tilled  water  at  98-100®  for  5  minutes;  4)  dyeing  after  treatment  in  10<yc  K2Cr207  solution  at  95®  for  5  minutes; 

5)  dyeing  in  the  dye  mixture  followed  by  treatment  of  the  dyed  specimens  in  10<yc  BaCl2  solution  at  75*  for  5 
minutes;  6)  dyeing  in  the  mixture  followed  by  treatment  of  the  dyed  specimens  in  b°]c  NiS04  •  7H2O  solution  at 
75“  for  5  minutes. 

It  was  found  that;  1)  anodized  specimens  treated  in  boiling  water  cannot  be  dyed  (they  only  acquire  a 
pale  reddish  tinge); 2)  anodic  coatings  treated  in  K2Cr207  solution  retain  their  dyeability  to  a  considerable  ex¬ 
tent;  3)  the  dyeability  of  anodized  specimens  is  not  influenced  significantly  by  preliminary  heating  in  air;  4) 
specimens  dyed  by  all  the  above  methods  (except  Method  3)  retain  their  color  completely  in  alcohol  and  in 
tap  water  at  room  temperature  for  3.5  months;  5)  all  the  dyed  specimens,  with  the  exception  of  those  treated 
in  NiS04  solutions,  are  completely  decolorized  in  boiling  water  in  2.5-3  hours.  Fixation  of  the  dye  in  NiS04 
solution  considerably  increases  the  fastness  of  the  dye  to  hot  water. 

Anodic  coatings  can  be  dyed  to  various  shades  of  yellow  with  tartrazine.  Direct  Chrysophenine,  and  di- 
bromofluorescein;  red  colors  can  be  produced  with  Bengal  Rose,  fuchsine,  rhodamine,  and  erythrosine;  dark  and 
light  blues,  with  Aniline  Pure  Blue,  Patent  Blue;  greens,  with  Partaline  Green  and  Emerald  Green, 

SUMMARY 

1.  The  optimum  conditions  for  electrolytic  and  chemical  polishing  of  aluminum  have  been  determined. 

2.  A  procedure  is  recommended  for  anodizing  treatment  of  electropolished  aluminum  in  H2SO4  solution, 
which  yields  transparent  oxide  coatings  which  diminish  the  luster  of  aluminum  only  very  slightly. 

3.  Dye  bath  compositions  for  coloration  of  anodized  aluminum  to  gold  and  other  shades  are  given. 
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INVESTIGATION  BY  AN  ULTRASONIC  METHOD  OF  THE  FORMATION 
OF  A  SOLID  PHASE  IN  A  PARAFFINIC  DISTILLATE 


A.  P.  Gris  !i  in 


Ultrasonic  methods  are  being  increasingly  used  for  the  solution  of  a  great  variety  of  physicochemical 
problems  and  of  individual  questions  [1]  both  of  theoretical  and  of  applied  significance.  Investigations  of  the 
propagation  of  ultrasonic  vibrations  are  used  in  analysis  of  the  state  of  crystalline  substances  and  in  studies  of 
the  crystallization  process  [2-6].  Ultrasonic  methods  may  prove  very  valuable  in  investigations  of  the  processes 
involved  in  the  formation  of  solid  phases  in  solutions,  and  hence  for  determination  of  important  physicochem¬ 
ical  parameters  used  in  industrial  processes  and  in  control  and  automation  of  such  processes. 

Our  investigation  of  the  formation  of  a  solid  phase  in  paraffinic  distillates,  carried  out  on  a  large  num¬ 
ber  of  distillate  samples  from  the  Grozny  oil  refinery,  revealed  an  abrupt  change  in  the  propagation  of  ultra¬ 
sonic  waves  in  paraffinic  distillates  under  certain  temperature  conditions. 

It  was  found  that  the  nature  of  this  change  in  the  propagation  of  ultrasonic  vibrations  in  the  distillates  is 
characteristic  for  eacli  different  sample,  and  depends  on  the  nature  of  the  petroleum  product  and  the  degree  of 
dispersion  and  structure  of  the  nuclei  of  the  new  phase.  In  the  separation  of  a  solid  phase,  the  formation  of 
nucleation  centers  is  accompanied  by  their  growth.  As  the  result  of  the  growth  of  nuclei  in  a  medium  through 
which  weak  ultrasonic  vibrations  are  propagated,  at  a  certain  instant  the  solution  becomes,  in  a  sense,  a  bad 
conductor  of  ultrasonic  waves. 

The  propagation  of  ultrasonic  waves  in  paraffinic  distillates  was  also  used  for  evaluation  of  the  distillate 
quality  and  determination  of  its  highly  important  industrial  characteristic  -  filterability. 

EXPERIMENTAL 

A  sample  of  paraffinic  distillate,  warmed  until  completely  melted,  was  placed  in  a  thermostat.  The 
sample  was  kept  in  the  thermostat  for  an  invariably  constant  time  at  35*.  It  was  then  poured  into  the  experi¬ 
mental  vessel  at  the  same  temperature.  After  equalization  of  the  temperature,  a  periodie  beam  of  low-power 
ultrasonic  vibrations  was  passed  through  the  vessel. 

The  temperature  of  the  distillate  was  lowered  to  20-15*,  i.e,,  to  the  point  of  crystallization  and  loss  of 
mobility  of  the  sample,  the  intensity  of  propagation  of  the  vibrations  being  measured  at  half-degree  intervals. 
The  temperature  must  always  be  varied  at  the  same  rate. 

The  experimental  vessel  was  a  special  thick-walled  hollow  glass  cylinder,  polished  internally  and  of  con¬ 
stant  internal  diameter  througliout  its  length,  with  metal  ends  mounted  on  supports. 

The  metal  ends  were  used  for  mounting  all  the  necessary  equipment  for  producing  the  ultrasonic  vibra¬ 
tions,  the  quartz  crystal,  and  piezoelectric  receiver,  inside  the  vessel.  The  construction  of  the  vessel  is  shown 
in  Fig.  1. 

The  use  of  glass  for  construction  of  the  vessel  ensured  good  insulation  of  the  instrument  when  high-fre¬ 
quency  currents  were  used,  made  direct  visual  observation  of  the  crystallization  process  possible,  and  also  en¬ 
sured  mutually  independent  operation  of  the  generating  and  receiving  quartz  plates.  The  generating  and  re¬ 
ceiving  plates  had  the  same  fundamental  frequency.  The  receiving  plate  could  be  moved  with  its  holder,  by 
means  of  a  micrometer  screw,  parallel  to  the  generator.  The  displacement  of  the  receiving  plate  could  be 
carried  out  to  an  accuracy  of  0.005  mm. 
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Fig.  1.  Diagram  of  the  experimental 
vessel. 

1,  3,  8,  13,  21)  Contact  bolts  and  fixing 
bolts;  2)  base  of  generating  quartz  crys¬ 
tal  holder;  4)  brass  collar;  5)  spring 
washer;  6)  quartz  plates;  7)  brass  clamp¬ 
ing  ring;  9)  ebonite  insert;  10)  contact 
washer;  11)  body  of  receiving  quartz 
crystal  holder;  12)  cork  ring;  14)  collar; 
15)  directing  shaft  of  micrometer  screw;  . 
16,  17)  nuts;  18)  end  flange;  19)  support; 
201  graduated  head  of  micrometer  screw; 
22)  bushing;  23)  chromed  brass  end  plate; 
24)  insulating  insert;  25)  glass  experimen¬ 
tal  vessel. 


A  block  diagram  of  the  whole  apparatus  is 
shown  in  Fig.  2. 

The  electrical  impulses  from  the  quartz  plate 
were  fed  into  a  receiving  and  amplifying  device  of 
the  superheterodyne  type,  and  then  to  an  electronic 
indicator. 

Either  a  tube  voltmeter  or  an  oscillograph  can 
be  used  as  an  indicator  for  the  vibrations,  which  are 
now  electrical  amplified  vibrations  and  not  ultra¬ 
sonic  waves.  The  generating  quartz  plate  was  con¬ 
nected  to  an  electromagnetic  oscillator  with  a  dual 
excitation  circuit.  The  quartz  crystal  was  inductive¬ 
ly  coupled.  The  oscillation  frequency  was  regularly 
checked  by  means  of  a  heterodyne  wavemeter  and 
maintained  constant.  The  operating  frequency  was 
6  megacycles  per  second. 

Our  superheterodyne  receiver  3  (Fig.  2)  mini¬ 
mized  all  possible  interference  and  made  it  possible 
to  select  only  the  fundamental  harmonic  of  the  os¬ 
cillator.  The  power  of  the  ultrasonic  oscillations 
was  reduced  to  the  lowest  permissible  level,  so  that 
the  oscillations  and  the  action  of  the  oscillating 
quartz  crystal  did  not  exert  a  heat  effect  on  the  dis¬ 
tillate. 

The  problem  of  studying  the  formation  of  a 
solid  phase  in  the  solution  involved  certain  difficul¬ 
ties  in  evaluation  of  the  intensity  maximum  in  the 
propagation  of  the  ultrasound  through  the  distillate. 
These  difficulties  were  due  to  the  need  to  vary  the 
temperature.  Temperature  variations  influence  the 
rate  of  propagation  of  ultrasonic  vibrations  and  there¬ 
fore  lead,  at  constant  frequency,  to  changes  of  wave 
length  and  phase  shift.  The  combined  effect  is  to 
displace  thb  intensity  maximum  in  measurements  of 
the  propagation  of  ultrasonic  vibrations  in  the  system. 
These  difficulties  were  overcome  by  means  of  very 
small  displacements  of  the  receiving  plate  parallel 
to  the  generator  at  each  decrease  of  temperature  in 
the  direction  of  the  wave  length  change  of  the  ultra¬ 
sonic  vibrations.  In  this  way  it  was  possible  to  follow, 
more  or  less  continuously,  the  intensity  maximum  of 
the  ultrasonic  vibrations  propagated  through  the  dis¬ 
tillate. 


The  total  displacement  of  the  receiver  throughout  an  experiment,  up  to  the  time  when  the  distillate  lost 
mobility  with  decrease  of  temperature,  was  small,  measurable  in  fractions  of  a  millimeter.  As  the  absorption 
of  ultrasound  in  liquids  is  relatively  low,  this  variation  of  the  distance  between  the  oscillator  and  receiver  could 
not  influence  the  accuracy  with  which  the  intensity  of  the  ultrasound  was  measured. 

The  results  of  measurements  of  the  intensity  of  propagation  of  ultrasound  through  paraffinic  distillates  of 
different  filterabilities  at  various  temperatures  are  plotted  in  Fig.  3. 

The  ordinates  represent  the  intensity  of  propagation  of  ultrasound  in  arbitrary  units  on  a  100-point  scale. 
Each  curve  corresponds  to  a  different  distillate  sample,  cliaracterized  by  its  percentage  filterability.  It  is  seen 
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Fig.  2.  Block  diagram  of  ultrasonic  equipment  for  investigation  of  paraffinic  dis¬ 
tillates. 

1)  Electronic  indicator;  2)  oscillator;  31  receiver,  4)  heterodyne  wavemeter. 


Fig.  3.  Propagation  of  ultrasound  in  paraffinic  distillates, 

A)  Propagation  intensity  I,  B)  temperature  (*C). 

Distillate  characteristics  (<7o  filterability);  1)  60.79;  2) 

59.64;  3)  61.19;  4)  52.47;  5)  65.67. 

that  all  the  intensity  -  temperature  curves  show  a  well-defined  jump,  as  noted  earlier.  This  is  caused  by  for¬ 
mation  of  a  solid  phase  in  the  solution  with  decrease  of  temperature,  and  the  formation  and  growth  of  micronuclei 
of  the  disperse  phase.  The  most  abrupt  change  of  intensity  corresponds  to  the  instant  at  which  the  average  size 
of  the  microcrystals  becomes  comparable  with  the  wave  length  or  even  exceeds  the  latter  somewhat.  At  this 
instant  the  solution  becomes  "opaque"  to  ultrasound.  Further  decrease  of  temperature  below  15“  has  little 
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influence  on  the  intensity,  and  in  consequence  horizontal  regions  appear  on  the  curves.  Before  the  actual  jump, 
some  of  the  curves  show  signs  of  a  bend  with  decrease  of  temperature,  in  the  20-30"  region;  this  is  probably  at¬ 
tributable  to  specific  characteristics  of  the  crystallization  process  in  distillate  samples  differing  in  composition 
and  nature.  This  probably  provides  additional  possibilities  in  studies  of  the  mechanism  of  solid  phase  forma¬ 
tion  and  of  the  state  of  the  liquid  near  the  crystallization  temperature. 

DISCUSSION  OF  RESULTS 

Various  workers  have  shown  that  different  impurities  and  inclusions  have  a  considerable  influence  on 
crystallization  of  paraffin  wax  and  distillates  [7-11],  The  nature  and  amounts  of  the  impurities  influence  the 
degree  of  dispersion  of  the  nuclei,  and,  in  the  subsequent  stage,  the  size  and  shape  of  the  solid  hydrocarbon 
crystals  deposited  in  the  solution  on  decrease  of  temperature.  Much  the  same  impurities  and  inclusions  deter¬ 
mine  the  filterability  of  paraffinic  distillates.  The  action  of  ceresins  and  petroleum  tars  is  exceptionally  im¬ 
portant.  They  give  rise  to  a  highly  disperse  and  badly  filtering  solid  phase.  Our  supplementary  experiments, 
intended  mainly  to  study  the  quantitative  effects  of  these  impurities,  confirmed  that  the  filterability  is  de¬ 
creased  sharply,  especially  in  the  presence  of  even  very  small  amounts  of  ceresin  in  the  distillate.  The  presence 
of  0.05-0. lO^yc  of  ceresin  in  the  crude  distillate  lowers  filterability  by  lO-lSfyc,  while  0.25-0.50'yc  of  ceresin 
makes  it  unsuitable  for  processing,  from  the  filterability  aspect.  Tiie  microstructure  of  the  paraffin  crystals 
formed  is  quite  unsatisfactory  in  this  case,  and  the  solid  phase  is  very  finely  dispersed. 

Thus,  the  filterability  of  crude  paraffinic  fractions  is  largely  determined,  apart  from  other  causes,  by  the 
degree  of  dispersion  and  the  forni  of  the  paraffin  crystals  formed. 

Propagation  of  ultrasonic  vibrations  in  paraffinic  distillates  shows  that,  under  equal  conditions,  the  inten¬ 
sity  of  the  propagated  ultrasound  is  higher  in  distillates  in  which  the  paraffin  crystals  formed  are  more  finely 
dispersed.  Consequently,  sucl)  a  distillate  will  become  "opaque"  to  ultrasound  at  its  own  specific  temperature. 
Samples  with  larger  and  better-formed  crystals  will  be  more  "opaque"  to  ultrasound,  and  will  become  totally 
opaque  under  different  conditions.  In  other  words,  under  given  constant  conditions  the  propagation  of  ultrasound 
will  be  less  intense  in  distillates  of  good  filterability  and  considerably  more  intense  in  distillates  of  poor  filter- 
ability. 

The  nature  and  magnitude  of  the  jump  on  the  "intensity  -  temperature"  curves  will  differ  for  different 
distillates,  and  convincingly  confirm  the  foregoing  views  on  the  relationship  between  the  formation  of  the  solid 
phase  and  the  propagation  of  ultrasound.  Thus,  it  follows  from  an  examination  of  the  curves  in  Fig.  3  that  the 
intensity  of  propagation  of  ultrasound  is  considerably  less  in  a  distillate  of  high  filterability  (Curve  5),  and  the 
curve  lies  below  the  others,  whereas  most  of  the  curve  for  a  sample  of  low  filterability  (Curve  4)  lies  above  the 
others.  Curves  for  samples  witli  filterability  values  of  60.79,  59.64  and  61.19®/c  occupy  an  intemiediate  position, 
and  are  close  to  each  other.  The  jump  in  Curve  5  lies  in  the  region  of  relatively  high  temperatures,  and  that 
in  Curve  4,  on  the  contrary,  in  the  low-temperature  region.  This  last  fact  indicates  that  a  highly  disperse  crys¬ 
talline  phase  is  formed  in  the  distillate  with  52.47<yc  filterability  on  decrease  of  temperature. 

The  horizontal  regions  of  the  curves  also  show  specific  characteristics,  the  relationships  following  the 
same  sequence  as  previously. 

It  proved  possible  to  evaluate  the  quality  of  the  paraffinic  distillate  from  the  propagation  intensity  of 
ultrasound,  the  magnitude  of  the  jump  with  change  of  temperature,  and  the  temperature  region  in  which  the 
jump  occurs.  This  subject,  however,  is  outside  the  scope  of  the  present  paper,  it  is  of  technological  and  indus¬ 
trial  significance,  and  it  is  our  intention  to  discuss  it  separately  in  one  of  the  petroleum  journals. 

For  verification,  the  propagation  of  ultrasound  in  synthetic  mixtures  was  compared  with  that  in  paraffinic 
distillates. 

The  results  of  the  experiments  on  tlie  propagation  intensity  of  ultrasound  in  synthetic  mixtures  are  shown 
graphically  in  Figs.  4,  5,  and  6.  The  curves  are  plotted  in  the  same  coordinates  as  before,  and  represent  the 
"intensity  -  temperature"  relationship. 

The  graphs  show  that  the  jump  in  the  intensity  of  the  transmitted  ultrasound  is  even  more  pronounced  in 
the  synthetic  mixtures,  and  that  all  the  other  effects  due  to  the  nature  of  the  solid  phase,  its  composition,  and 
the  degree  of  dispersion,  are  fully  eonfirmed. 
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Fig,  4.  Effect  of  temperature  on  the  propagation  intensity 
of  ultrasound  in  synthetic  mixtures  with  different  contents 
of  solid  paraffins. 

A)  Intensity  I,  B)  temperature  (*C), 

Paraffin  wax  contents  of  mixtures  {<^c):  1)  3.85;  2)  11.85; 
3)  12.85;  4)  13.85;  5)  14.85;  6)  15.85;  1)  16.85;  8)  17.85; 
9)  18,85;  10)  19.85. 


Fig.  5.  Effect  of  temperature  on  the  propagation  intensity  of  ultrasound  in  Mixtures  Nos.  5  and  6  (Fig.  4) 
after  addition  of  cercsin. 

A)  Intensity  I,  B)  temperature  (*C). 

No.  5)  Curve  for  mixture  containing  14.85®/®  of  paraffin  wax;  No.  6)  curve  for  mixture  containing  15.85<yo 
of  paraffin  wax. 

The  intensities  for  ten  synthetic  mixtures  with  different  contents  of  paraffin  wax  are  plotted  in  Fig.  4. 

The  mixtures  were  made  up  by  weight,  highly  purified  grade  "A"  paraffin  wax  being  dissolved  in  filtered 
distillate. 

The  ultrasound  propagation  intensity  was  measured  at  half-degree  intervals.  It  follows  from  Fig.  4  that 
apart  from  the  first  curve,  which  corresponds  to  a  mixture  with  very  low  paraffin  wax  content,  a  solid 
phase  was  not  formed  in  the  given  temperature  conditions.  All  the  curves  show  a  sudden  decrease  of  the  inten¬ 
sity  on  formation  of  the  solid  phase,  such  as  was  found  earlier  for  paraffinic  distillates. 
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Fig.  5  gives  the  results  of  determinations  of  the  intensity  of  ultrasound  in  tlie  same  separate  mixtures,  but 
after  additions  of  0.1,  0,2,  0.3,  0.4,  and  O.b'^o  of  ceresin  to  each.  Curves  are  given  for  Mixtures  Nos. 5  and  6, 
containing  14.85*^0  and  paraffin  wax  respectively,  and  also  for  these  mixtures  containing  ceresin  in  the 

amounts  stated.  For  brevity,  the  changes  in  the  decrease  of  the  intensity  of  ultrasound  caused  by  addition  of 
ceresin  are  given  for  only  two  mixtures,  although  measurements  were  carried  out  for  all  ten  mixtures,  as  all  the 
results  were  quite  similar  and  it  is  not  necessary  to  repeat  them  here. 

Examination  of  the  curves  in  Fig.  5  clearly  reveals  the  whole  course  of  the  decrease  in  the  intensity  of 
ultrasound  transmitted  tlirough  a  medium  in  which  a  solid  phase  with  particles  of  different  degrees  of  dispersion 
is  formed.  As  has  been  conclusively  proved  and  noted  earlier,  ceresin  assists  the  fomiation  of  a  finely  crystal¬ 
line  structure  and  of  a  highly  disperse  solid  phase,  and  this  is  clearly  reflected  in  the  curves  in  Fig.  5.  Curve 
No.  5  corresponds  to  a  mixture  without  ceresin,  and  it  shows  an  abrupt  and  large  decrease  of  intensity  of  the 
transmitted  ultrasound,  but  with  increasing  ceresin  content  in  the  mixture  the  degree  of  damping  of  the  ultra¬ 
sound  diminishes,  and  the  curves  for  mixtures  containing  0.4  and  0.5^c  of  ceresin  are  almost  without  jumps; 
they  represent  a  relatively  smooth  decrease  of  intensity  during  crystallization,  with  good  conductivity  for  ultra¬ 
sound  in  the  solid  phase. 

Thus,  the  great  possibilities  of  the  ultrasonic  method  for  studying  the  process  of  solid  phase  formation  are 
revealed  even  more  clearly  in  synthetic  mixtures. 

SUMMARY 

1.  A  study  of  the  propagation  of  ultrasonic  vibrations  in  paraffinic  distillates  and  in  solutions  of  paraffin 
wax  and  ceresin  showed  that  the  intensity  of  the  ultrasonic  vibrations  changes  abruptly  at  the  instant  when  a 
disperse  phase  is  deposited.  The  nature  and  magnitude  of  this  jump  depends  on  the  nature  of  the  distillate  and 
the  degree  of  dispersion  of  the  paraffin  crystals  formed. 

2.  Studies  of  the  propagation  of  ultrasound  in  paraffin  wax  and  ceresin  solutions  and  in  paraffinic  distil¬ 
lates  show  that  ultrasonic  methods  have  great  possibilities  for  investigations  of  solid  phase  formation  in  solutions 
of  all  kinds  on  decrease  of  temperature. 
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PRODUCTION  OF  ETHYL  ALCOHOL  ON  THE  BASIS  OF  ELECTROCRACKING 

OR  METHANE  GASES 


M,  G.  Terek  nova,  E.  N.  Eremin,  and  N.  I.  Kobozev 

This  investigation  consisted  of  a  study  of  the  principles  of  a  continuous  process  for  the  production  of  ethyl 
alcohol  from  methane,  by  electrocracking  of  natural  Saratov  gas,  containing  about  95'yc  of  methane,  to  acety¬ 
lene,  followed  by  catalytic  hydration  of  acetylene  to  acetaldehyde  and  catalytic  reduction  of  acetaldehyde  to 
ethyl  alcohol.  A  combined  unit  was  designed  for  this  purpose,  and  used  for  carrying  out  successively  the  above- 
named  three  stages  in  the  synthesis  of  ethyl  alcohol  from  methane. 

The  advantage  of  the  use  of  acetylene  made  by  cracking  of  natural  gas,  over  acetylene  made  from  cal¬ 
cium  carbide,  lies  in  the  fact  that  in  the  cracking  of  methane, hydrogen  is  formed  together  with  acetylene,  and 
this  is  necessary  for  the  reduction  of  acetaldehyde  to  ethyl  alcohol.  It  is  thus  not  necessary  to  introduce  hydro¬ 
gen  into  the  system  from  outside,  and  the  additional  costs  for  the  production  of  hydrogen  are  eliminated. 

A  second,  no  less  important  advantage  of  acetylene  obtained  by  electrocracking  of  methane,  over  acety¬ 
lene  from  calcium  carbide,  is  the  purity  of  the  former,  whereas  acetylene  from  calcium  carbide  is  contaminated 
with  large  amounts  of  hydrogen  sulfide  and  phosphine. 

Extensive  and  complete  information  on  the  production  of  acetylene  by  electrocracking  of  methane  is 
available  in  the  recent  literature.  In  work  on  this  problem  a  leading  part  was  played  by  Soviet  physical  chem¬ 
ists,  among  whom  special  mention  must  be  made  of  Vasilyev,  Bozhko,  Koller,  and  others  [1].  They  studied  the 
effects  of  the  following  conditions  on  tlie  yield  of  acetylene;  pressure,  gas  flow  rate,  current  strength,  discharge 
power,  etc.  The  results  show  tliat  the  problem  of  the  electrocracking  of  methane  lias  been  satisfactorily  solved 
from  the  teclniological  aspect. 

The  second  stage  in  tlie  conversion  of  acetylene  into  ethyl  alcohol  is  the  production  of  acetaldehyde  by 
hydration  of  acetylene.  Acetylene  can  be  converted  into  acetaldehyde:  a)  by  way  of  vinyl  alkyl  ethers  (Favor- 
sky  and  Shostakovsky[2]),b)by  direct  hydration  in  presence  of  catalysts. 

The  method  of  Favorsky  and  Shostakovsky  is  not  used  industrially,  as  it  is  necessary  to  use  acetylene  un¬ 
der  pressure  (5-12  atm). 

Direct  catalytic  hydration  of  acetylene  to  acetaldehyde  can  be  effected  in  tliree  different  ways:  in  the 
liquid  pliase  (in  presence  of  mercury  salts,  by  Kucherov’s  method  [3]),  in  the  vapor  pliasc,  and  by  various  com¬ 
binations  of  these  two  methods.  A  disadvantage  of  the  first  method  is  the  l)igh  consumption  of  mercury  com¬ 
pounds.  A  valuable  feature  of  the  vapor-phase  catalytic  hydration  of  acetylene  is  the  possibility  of  using  dilute 
acetylene  (5-15<yc)  for  the  production  of  acetaldehyde.  Yakubovich,  Danilevich,  and  Medzykhovskaya  [4]  found 
that  good  yields  of  acetaldehyde  are  obtained  in  this  process  with  the  use  of  phosphoric  acid  catalyst  with  traces 
of  copper  phosphate  as  promoter,  or  with  mixtures  of  phosphoric  acid  and  zinc  phosphate  on  activated  "AG" 
carbon  at  350“. 

The  literature  does  not  contain  any  original  papers  on  the  third  stage  of  the  process  —  the  reduction  of 
acetaldehyde  to  ethyl  alcohol.  However,  many  patents  deal  with  this  question,  indicating  a  considerable  degree 
of  technical  interest.  The  catalysts  most  frequently  specified  in  patents  for  this  reaction  arc  the  usual  hydro¬ 
genation  catalysts  -  nickel,  copper,  iron.  Reaction  temperatures  in  the  range  of  100-200“  arc  specified.  The 
favorable  influence  of  a  large  excess  of  hydrogen  (up  to  30-fold  amounts)  is  noted  in  many  patents. 

A  characteristic  feature  of  the  process  in  question  is  that  at  the  second  and  third  stages  a  complex  mix¬ 
ture  of  cracking  gases,  consisting  of  acetylene,  ethylene,  l)ydrogcn,  unchanged  methane,  and  other  gases,  with 
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large  amounts  of  water  vapor,  is  passed  over  the  catalysts,  A  great  variety  of  reactions  is  possible  in  such  a 
complex  mixture,  and  the  principal  task  in  tlie  present  investigation  was  to  find  the  conditions  for  selective 
acceleration  of  the  processes  in  the  desired  direction. 

In  order  to  determine  the  possible  degrees  of  conversion  of  the  starting  substances  into  the  desired  final 
products,  and  to  evaluate  the  probability  of  certain  side  reactions,  we  calculated  the  equilibrium  constants  of 
the  reactions  v/liich  may  occur  in  the  given  experimental  conditions. 

The  equilibrium  degrees  of  conversion  were  determined  for  the  following  reactions:  1)  reduction  of  ace¬ 
taldehyde  to  alcohol;  21  hydration  of  acetylene  to  acetaldehyde;  3)  hydrogenation  of  acetylene  to  ethylene; 

41  hydration  of  ethylene  to  etfiyl  alcohol;  5)  formation  of  acetone  from  acetylene  and  water;  6)  conversion  of 
acetylene  into  carbon  monoxide  and  hydrogen;  7)  conversion  of  acetaldehyde  into  carbon  monoxide  and  hydro¬ 
gen;  8)  equilibrium  in  the  system:  copper  oxide  +  hydrogen  copper  +  water,  which  determines  the  state  of 
the  copper  used  as  hydrogenation  catalyst  in  the  third  stage  of  the  process,  under  quite  unusual  conditions  -  in 
tlic  presence  of  a  large  amount  of  water  vapor. 

The  theoretical  degrees  of  conversion  of  acetaldehyde  into  ethyl  alcohol  at  various  temperatures  are  given 
in  Table  1.  Tlie  calculations  were  made  for  tlie  conditions  of  Experiment  74  (see  Table  4),  for  which  (in  moles): 
Zn  =  0,4071,  iici^CHO  ”  0.0332,  =  0.18197,  =  5.833,  where  n  is  the  mole  fraction  of  a  given  compo¬ 

nent  in  the  reaction,  and  En  is  the  total  amount  of  gases  passed  through,  in  moles. 

The  corresponding  equilibrium  yields  for  the  other  reactions  listed  above  are  given  in  Table  2.  The  equi¬ 
librium  concentrations  of  the  reactants  were  calculated  for  the  conditions  of  Experiment  43  (see  Table  4),  in 

which  (in  moles):  Zn  =  0.355,  n^^^  CHO  ”  ^•®211, 

'^HgO  ""  "CgHz  =  0.0270,  =  0.00852,  n^.,^  = 

=  0.144. 

It  follows  from  the  data  in  Table  2  that  all  the 
above-named  side  reactions  which  accompany  the  hy¬ 
dration  of  acetylene  to  acetaldehyde  and  reduction  of 
the  latter  to  ethyl  alcohol  are  not  only  thermodynami¬ 
cally  possible,  but  may,  in  conditions  of  vapor  phase 
hydration  and  reduction,  occur  with  very  high  yields 
(99. 9-100. Oo/c),  with  the  exception  of  the  hydration  of 
ethylene  to  ethyl  alcohol,  which  can  only  give  a  2.9*70 
yield  in  the  experimental  conditions  used.  Therefore, 
in  selection  of  catalysts  and  process  conditions,  it  is 
necessary  to  find  catalysts  with  a  selective  action  on 
the  principal  reaction  without  activation  of  the  side  processes.  This  was  the  main  task  in  the  present  investi¬ 
gation. 

It  proved  possible  to  find  catalysts  which  gave  92'7(!  conversion  in  the  hydration  of  acetylene  to  acetalde¬ 
hyde,  calculated  on  the  acetylene  passed,  while  approximately  307c  conversion  of  the  acetaldehyde,  formed  in 
the  second  stage,  into  ethyl  alcohol  was  obtained,  the  remaining  acetaldehyde  passing  out  unchanged  from  the 
reaction  vessel.  Thus,  it  proved  possible  to  eliminate  all  the  parasitic  reactions  listed  above. 


TABLE  2 

Equilibrium  Yields  of  Reaction  Products 


Reaction 

Fraction 
tempera¬ 
ture  ( *0 

Equilibrium 
yield  of  reac¬ 
tion,  product 

(7o) 

C2H2+ IIo0  1:^CH.,CHO . 

350 

97.7 

C2H2  i-  llg^ColI, . 

200 

100.0 

CoH4H  ll.0^C9lI--,0II . . 

200 

2.9 

(:9ii2  H-  21120  2C()  4-  31I2 . 

350 

100.0 

cif.jCiro  f  n,o^:±2(X)  +  2iL.  .  .  .  . 

200 

99.9 

2C2 M 2 -1- 3 n o( )  Cl I .,C(9( ;  11  .J  h 2Ho  +  GO, 

350 

100.0 

TABLE  1 


Theoretical  Degrees  of  Conversion 
of  Acetaldehyde  into  Ethyl  Alcohol 


Reaction  tem¬ 
po  ratureCC) 

Equilibrium 
yield  of  alcohol 
f7o) 

150 

87 

175 

(>9 

200 

45 

225 

25 

250 

13.5 
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The  equilibrium  constant  for  the  reaction  Cu  +  H2O  ^  CuO  +  H2,  which  was  found  to  be  =  - - 

^  ^HoO 

=  3,83  •  10"^  ,  shows  that  copper  is  present  as  the  metal  in  the  system,  so  that  the  hydrogenation  catalyst  II, 
used  for  reduction  of  acetaldehyde  to  alcohol,  consists  of  copper  and  not  its  oxide,  supported  on  silica  gel. 


EX  PERIM  ENTA  L 

The  apparatus  used  for  the  production  of  acetylene  and  its  catalytic  hydration  and  reduction  to  acetalde¬ 
hyde  and  alcohol  is  shown  schematically  in  Figs.  1  and  2. 

Acetylene  was  made  in  the  electric  arc  under  reduced  pressure  in  dynamic  conditions  (Fig.  1). 


Fig.  1.  Apparatus  for  production  of  acetylene  by  electrocracking  of 
methane. 

Explanation  in  text. 

The  reaction  vessel  1  was  an  ellipsoidal  flask  of  Pyrex  glass,  0.5  liter  in  capacity.  The  electrodes  2  and 
3,  made  from  brass  tubes,  had  canals  for  the  passage  of  gas  and  were  water  cooled.  The  distance  between  them 
was  50  mm.  The  flask  4  with  ground-glass  stopper  5,  and  the  side  tube  6  of  the  reaction  vessel,  were  used  to 
remove  carbon  from  the  electrodes.  The  filter  7,  of  closely  woven  fabric,  retained  carbon  entrained  in  the  gases 
leaving  the  reaction  vessel;  the  stopcock  8  was  used  to  regulate  the  supply  of  gas  into  the  reaction  vessel;  the 
mercury  manometer  9  served  to  measure  the  pressure  in  the  gas  meter  10;  the  U  tube  11,  filled  with  calcium 
chloride,  was  used  to  dry  the  original  methane. 

The  cracking  gases,  after  passing  through  an  oil  pump,  were  collected  in  gas  holders  over  saturated  cal¬ 
cium  chloride  solution. 

The  electrical  section  of  the  apparatus  consisted  of  a  110/15000  v  350  w  transformer  12,  a  rheostat  13,  a 
variable-ratio  transformer  14, and  a  milliameter  15  for  measurement  of  the  discharge  current. 

The  methane  feed  rate  into  the  system,  measured  by  means  of  the  gas  meter  was  12-13  liters  per  hour. 

The  pressure  in  the  system,  measured  by  means  of  the  vacuum  gage  16,  was  kept  at  35-40  mm  Hg,  and  the 
current  strength  was  100  ma. 
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The  acetylene  content  of  the  cracking  gases  was  8-10<7c,  which  is  quite  suitable  for  the  subsequent  cata¬ 
lytic  hydration  and  reduction  to  acetaldehyde  and  alcohol.  In  addition  to  acetylene,  the  cracking  of  methane 
yielded  44-47<7c  of  hydrogen,  which  was  used  for  reduction  of  acetaldehyde  to  alcohol  without  the  need  for  ad¬ 
dition  from  outside. 

Samples  for  analysis  were  taken  from  the  cracking  gases  collected  in  the  gas  holder,  and  the  gases  were 
then  passed  to  catalytic  conversion  into  acetaldehyde  and  alcohol. 

Catalytic  hydration  of  acetylene  to  acetaldehyde  and  reduction  of  acetaldehyde  to  ethyl  alcohol  was 
carried  out  in  the  vapor  phase  in  a  flow  system,  in  consecutive  stages  in  the  same  unit,  shown  diagrammatically 
in  Fig.  2. 


Fig.  2.  Apparatus  for  catalytic  production  of  ethyl  alcohol. 

Explanation  in  text. 

Acetaldehyde  and  ethyl  alcohol  were  formed  in  the  reactors  1  and  2  respectively,  contained  in  vertical 
electric  heaters  3  and  4,  the  temperature  in  which  was  regulated  by  means  of  thermoregulators  of  the  usual  type, 
with  mercury  contact  breakers. 

The  stopcocks  7,  8,  and  9  could  be  used  to  isolate  reactor  2  from  the  system. 

The  wash  bottles  10,  11,  12,  and  13,  filled  with  alkaline  pyrogallol  solution,  chromic  acid  mixture,  con¬ 
centrated  sulfuric  acid,  and  SO'Ye  alkali  respectively,  were  used  to  purify  the  original  gas. 

The  U  tube  14,  filled  with  calcium  chloride,  was  used  to  dry  the  original  gas.  The  three-way  stopcocks 
13  and  16  served  to  isolate  the  gas  pipet  17  from  the  system.  The  evaporator  18  was  used  to  supply  water  vapor 
[3].  Water  was  fed  into  the  evaporator  by  means  of  a  special  metering  device,  described  by  Shpolyansky  and 
Likhacheva  [6].  The  gas  holder  19  contained  the  original  cracking  gas. 

For  observations  of  the  course  of  the  process,  and  for  control  measurements,  the  system  contained:  two 
mercury  manometers,  one  of  which,  20,  was  next  to  the  gas  holder,  and  the  otlier,  21,  before  the  water  evapora¬ 
tor;  a  sampling  cock  22,  for  checking  the  degree  of  purity  of  the  gas  fed  into  the  reactor;  a  rheometer  23  filled 
with  dibutyl  phthalate  (calibrated  against  cracking  gas)  to  measure  the  gas  feed  rate;  500“  thermometers  24  and 
25,  for  temperature  measurements  in  reactors  1  and  2;  a  graduated  receiver  26,  for  the  aqueous  condensate  of 
acetaldeliyde  and  alcohol;  a  gas  pipet  17,  for  sampling  the  exit  gas;  and  a  trap  27,  for  freezing  out  traces  of 
aldehyde  not  liquefied  in  condensers  28  and  29. 


The  system  was  made  from  ordinary  glass  tubing  sealed  together,  with  the  exception  of  the  region  between 
A  and  B,  which  was  made  of  quartz  and  connected  to  the  rest  of  the  system  by  means  of  ground-glass  joints. 

The  quartz  section  of  the  system  was  provided  with  the  electric  heater  30,  which  maintained  a  temperature  of 
about  150"  inside  the  tubes,  in  order  to  prevent  condensation  of  the  water  vapor  entering  from  the  evaporator  18. 

The  original  gas  mixture  was  supplied  from  the  gas  holder  19  into  the  system  through  a  rubber  tube. 

The  two  reactors  1  and  2  were  of  the  same  design,  consisting  of  tubes  with  side  tubes  for  exit  gases  and 
for  addition  of  catalyst.  A  thermometer  socket  was  sealed  into  the  top  of  each  tube;  the  thermometer  bulb  was 
located  in  the  center  of  the  catalyst  mass.  Tlie  original  steam  -  gas  mixture  entered  through  the  inlet  tube, 
passed  through  the  coil,  and  entered  the  contact  mass  from  below.  The  reactors  were  made  of  quartz  and  were 
connected  to  the  system  by  ground  Joints. 

Experimental  procedure  in  the  catalytic  production  of  alcohol.  After  the  system  (Fig.  2)  had  been  tested 
for  air  tightness,  it  was  rinsed  out  with  6-8  liters  of  the  cracking  gas,  whicli  escaped  into  the  air  through  the 
three-way  cock  31,  During  the  rinsing, the  required  temperature  was  established  in  the  heaters  3  and  4,  the  gas 
feed  rate  into  the  reactor  was  regulated  with  the  aid  of  the  rheometer  23,  and  the  steam  feed  rate  was  regulated 
by  means  of  the  metering  device  for  water. 

When  a  constant  gas  rate  and  the  necessary  temperatures  in  heaters  3  and  4,  had  been  established,  and  a 
small  amount  (10-15  ml)  of  condensate  had  been  collected  through  the  stopcock  31,  the  experiment  was  started; 
the  stopcock  31  was  switched  over  to  the  condenser  28,  the  gas  level  in  the  gas  holder  was  noted,  and  a  time 
reading  was  taken. 

The  original  gas  mixture  from  the  gas  holder  passed  through  the  purification  system  and  entered  the  T- 
joint  connected  to  the  water  evaporator  18.  The  mixture  of  cracking  gases  and  water  vapor  entered  the  reactor 
1  through  an  electrically  heated  quartz  inlet  tube.  The  gas  containing  acetaldehyde  then  passed  through  the 
stopcock  7  (with  the  cock  9  closed!  into  tlie  reactor  2.  Ethyl  alcohol,  unrcacted  acetaldehyde,  and  excess  water 
vapor  were  condensed  in  the  condensers  28  and  29,  and  collected,  througli  the  hydraulic  seal  cooled  with  ice, 
in  the  graduated  receiver  26,  also  cooled  with  ice.  Any  acetaldehyde  not  condensed  in  condensers  28  and  29 
was  frozen  out  in  the  trap  27,  cooled  to  -  78".  Any  unreacted  cracking  gas  escaped  into  the  air  through  the  ^ 
pipet  17. 

At  the  end  of  the  experiment  the  gas  level  in  the  gas  holder  and  the  amount  of  condensate  collected  in 
the  receiver  26  were  noted,  and  condenser  28  was  disconnected  from  the  system  by  opening  the  cock  31  to  the 
atmospliere.  Condensers  28  and  29  and  the  seal  32  were  rinsed  out  with  a  small  amount  (10  ml)  of  distilled 
water,  which  was  then  combined  with  the  condensate,  through  the  tubes  33  and  34. 

The  condensate,  liquid  in  the  trap,  and  the  original  cracking  gas  in  pipet  17  were  analyzed  on  the  day  of 
the  catalytic  experiment,  by  the  methods  described  below. 

The  alcohol  content  of  the  condensate  was  determined  by  the  All-Union  Scientific  Research  Institute  of 
Hydrolysis  and  Sulfite  Alcoliol  Industry  photoelectric  method  [7]  the  principle  of  which  is  the  fonnation  of  an 
azo  dye  in  an  amount  proportional  to  the  alcohol  content.  The  color  intensity  of  the  sdution  was  measured 
by  means  of  a  photoelectrocolorimeter  (FEK-1)  immediately  after  formation  of  the  dye.  The  standard  liquid 
used  was  distilled  water.  Repeated  checks  of  the  calibration  curve  against  standard  alcohol  solutions  showed 
that  the  most  reliable  region  of  the  curve  is  between  0.005  and  O.OlOfyc,  and  this  region  was  used  for  the  deter¬ 
minations.  The  error  is 

Hydroxylamine  hydrochloride  [8]  was  used  for  determinations  of  acetaldehyde  in  the  condensate.  The 
acid  liberated  in  the  reaction  was  titrated  with  0.1  N  KOH  solution  with  bromophenol  blue  indicator.  A  correc¬ 
tion  was  applied  to  the  titration  results,  as  the  end  point  of  the  indicator  is  at  pH  =  3.0-4.6.  A  check  of  the 
accuracy  of  the  method  against  known  solutions  of  aldehyde  in  water  gave  good  results  —  the  error  did  not  ex¬ 
ceed  1.2'yc. 

Analysis  of  the  original  natural  gas,  of  the  cracking  gases  collected  in  the  gas  holder,  and  of  the  exit  gas 
in  pipet  17  (Fig.  2>  was  carried  out  by  means  of  the  VTI  gas  analysis  apparatus.  The  gases  were  determined  in 
the  following  sequence;  carbon  dioxide  was  absorbed  in  50<yc  alkali  solution;  acetylene,  in  a  solution  of  40  g 
of  mercuric  cyanide  in  200  ml  of  2  N  alkali  solution;  ethylene,  in  lO'Vc  solution  of  mercuric  oxide  in  29*yc  sul¬ 
furic  acid;  oxygen,  in  a  solution  of  10  g  of  pyrogallol  in  200  ml  of  bO'yr  alkali;  carbon  monoxide,  in  ainmonia- 
cal  cuprous  chloride  solution;  liydrogen  and  methane  were  burned  over  copper  oxide  in  a  quartz  coil. 
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Hydrogen  was  burned  at  300",  and  methane,  at  800". 

The  original  Saratov  gas  contains  nietliane  (i)5<yc  on  the  average),  carbon  dioxide  liydrogen  (0.6- 

-l.S'^c):  unsaturated  compounds,  oxygen,  and  carbon  monoxide  are  absent;  4-b°fc  is  nitrogen.  Some  typical 
compositions  of  the  cracUing  gases  and  exit  gases  after  experiments  on  the  production  of  alcohol  are  given  in 
Table  3;  tlie  presence  of  oxygen  is  explained  by  leakage  of  air  into  the  cracking  gases  during  collection  in  tlie 
gas  liolder  tlirongli  tlie  oil  pump. 

TABLE  3 


Composition  of  Cracking  Gases  and  Exit  Gases 


82  8.90  2..35  33.55  40.90  0.20  0.05  0.75  7.30  O.IO  2.55  36.50  51.60  1.00  0.40  0.35  7.50 

84  9.80  1.95  35.90  43.80  0.05  0  0.40  8.10  0.50  2.40  38.55  48.05  0.40  0  0.10  10.00 

87  7.65  2.40  35.20  45.60  0.2()  0.05  1.20  7.70  0.25  2.50  37.65  49.35  0.50  0.40  0.15  9.20 

89  8.50  2.35  36.20  45.30  0.15  0  0.60  6.90  0.75  2.60  39.50  48.25  0.60  0.75  0.30  7.25 

90  8.25  2.30  34.85  46.05  0.10  0  0.65  7.80  0.20  2.50  39.25  48.65  0.40  0.30  0.20  8.50 

91  8.40  2.25  31.65  46.95  0.10  0.40  0.75  9.50  0.15  2.35  36.15  50.50  0.40  0.15  0.20  10.10 


Preparation  of  catalysts.  Tlie  following  ret^ents  were  used  for  catalytic  hydration  of  acetylene  to  acetal¬ 
dehyde;  phospiioric  acid,  chemically  pure  grade,  d^®  =  1.628,  80<yc  ortliopliosplioric  acid;  basic  copper  carbonate, 
precipitated  from  cupric  cliloride  with  sodium  carbonate  [9J;  zinc  carbonate,  precipitated  from  zinc  chloride 
with  sodium  carbonate  [10];  zinc  oxide,  chemically  pure  grade;  carriers:  "AG"  activated  carbon,  "BAU"  steam- 
activated  birchwood  charcoal,  sugar  carbon,  and  silica  gel.  The  silica  gel  used  as  carrier  was  througlily  purified 
by  prolonged  boiling  with  dilute  liydrochloric  acid  to  a  negative  thiocyanate  reaction  for  iron,  and  by  washing 
witli  distilled  water  to  a  negative  chloride  reaction  witli  silver  nitrate. 

Catalyst  "A,"  phosphoric  acid  with  copper  phospliate  on  "AG"  carbon.  This  catalyst,  containing  15*^0  of 
contact  mixture  of  the  composition:  0.01  g-atom  of  copper  per  1  mole  of  phosphoric  acid  (0.64'yr  by  weight), 
supported  on  "AG"  activated  carbon,  was  prepared  as  follows:  0.34  g  of  basic  copper  carbonate  was  dissolved 
in  37.6  g  of  phosphoric  acid  (80<^c),  previously  diluted  with  50  ml  of  water,  and  water  was  then  added  to  250  ml. 
170  g  of  "AG"  carbon  was  put  into  this  solution  and  left  overnight  at  room  temperature.  Tlie  mixture  was  then 
evaporated  to  dryness  on  the  water  bath  in  a  porcelain  basin,  with  continuous  stirring  with  a  glass  rod.  The  cata¬ 
lyst  was  dried  at  90-9.5"  under  vacuum  (10-20  mm)  to  con.«!tant  weight. 

Catalyst  "B,"  phosphoric  acid  with  copper  phosphate  on  sugar  carbon,  and  Catalyst  "I,"  phosphoric  acid 
with  copper  pho.sphate  on  "BAU"  carbon,  were  prepared  similarly,  and  differed  from  Catalysts  "A"  only  by  the 
nature  of  the  carrier. 

Catalyst  "C,"  phosphoric  acid  with  zinc  phosphate  on  "AG"  carbon.  This  catalyst,  containing  15'yc  of  con¬ 
tact  mixture  with  the  composition:  11.5  moles  of  phosphoric  acid  per  1  g-atom  of  zinc,  was  prepared  as  des¬ 
cribed  above,  from  3.0  g  of  zinc  carbonate,  33,8  g  of  phosphoric  acid  (80<yc),  and  170  g  of  "AG"  carbon. 

Catalyst  "D,"  zinc  oxide  on  .silica  gel.  Catalysts  of  zinc  oxide  on  silica  gel  were  prepared  with  different 
degrees  of  filling  a  of  the  carrier  surface,  from  0.1  to  0.3  (calculated  as  a  fraction  of  a  monomolecular  layer). 

A  weighed  amount  of  zinc  oxide  corresponding  to  the  required  degree  of  surface  filling  <x  was  dissolved  in 
dilute  nitric  acid  (1  :  1).  A  weighed  amount  of  silica  gel  was  put  into  this  solution  and  left  overnight  at  room 
temperature.  The  mixture  was  then  evaporated  to  dryness  on  a  wafer  bath  in  a  porcelain  basin  with  continuous 
stirring  with  a  glass  rod.  The  catalyst  was  then  heated  in  a  muffle  furnace  at  450"  for  6.5  hours. 

The  following  catalysts  were  tested  for  catalytic  reduction  of  acetaldehyde  to  alcohol:  Catalyst  "N," 
nickel  on  silica  gel,  and  Catalyst  "11,"  copper  on  silica  gel. 
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Of  the  original  reagents,  the  ammine  [NiC^Hs)6]Cl2  was  prepared  by  the  action  of  excess  concentrated 
ammonia  solution  on  concentrated  nickel  chloride  solution  of  chemically  pure  grade.  The  precipitated  violet 
crystals  of  the  nickel  ammine  were  filtered  off  on  a  Buchner  funnel  and  dried  between  sheets  of  filter  paper. 

Basic  copper  carbonate  was  prepared  from  copper  chloride  by  precipitation  with  sodium  carbonate  [9].  The 
carrier  was  silica  gel,  purified  as  described  earlier. 

Catalyst  "N,"  nickel  on  silica  gel.  This  catalyst,  with  degree  of  surface  filling  a  =  0.1,  was  prepared 
from  the  nickel  ammine  on  silica  gel.  A  weighed  quantity  of  the  nickel  ammine  was  dissolved  in  aqueous  am¬ 
monia  solution  (1: 1).  The  required  amount  of  silica  gel  was  put  into  this  solution  and  left  overnight  at  room 
temperature.  The  mixture  was  then  evaporated  to  dryness  on  a  water  bath  with  continuous  stirring  with  a  glass 
rod.  The  catalyst  was  reduced  with  hydrogen  at  450*. 

Catalyst  "II,"  copper  on  silica  gel.  This  catalyst  was  prepared  from  basic  copper  carbonate  on  silica  gel 
with  different  degrees  of  surface  filling  o,  from  0.1  to  0.3.  A  weighed  quantity  of  basic  copper  carbonate  cor¬ 
responding  to  the  required  degree  of  surface  filling  was  dissolved  in  concentrated  ammonia.  A  definite  quantity' 
of  silica  gel  was  put  into  this  solution  and  left  overnight  at  room  temperature.  The  mixture  was  then  evaporated 
to  dryness  on  a  water  bath  with  continuous  stirring.  The  catalyst  was  then  put  into  the  reactor  for  reduction  with 
hydrogen  at  200*. 

Results  of  the  Experiments 

The  results  of  separate  experiments  on  hydration  of  acetylene  showed  that  at  350*,  with  1: 11  and  1: 17 
acetylene:  water  ratios  in  the  gas  mixture,  Catalyst  "B"  causes  only  a  slight  reaction  to  occur;  Catalyst  "D"  is 
considerably  more  active,  but  its  activity  is  not  adequate,  as  acetylene  is  hydrated  to  less  than  50°/(i. 

Quite  satisfactory  results  were  obtained  with  Catalysts  "A,"  "I,"  and  "C."  However,  catalysts  obtained 
by  deposition  of  the  contact  material  on  "AG"  activated  carbon  had  to  be  rejected  because  "AG"  anthracite 
carbon  contains  sulfur,  which  poisons  the  catalyst  used  for  subsequent  hydrogenation. 

It  was  also  found  that,  in  contrast  to  acetylene  made  by  electrocracking,  acetylene  made  from  calcium 
carbide  was  only  19 <^0  hydrated  in  presence  of  catalyst  "A,"  and  the  catalyst  activity  diminished  so  rapidly  as 
the  result  of  poisoning  that  after  8-10  hours  the  conversion  of  acetylene  to  aldehyde  fell  to  l.O-l.S'Yt.  This,  as 
has  already  been  mentioned,  is  evidence  of  the  considerable  advantage  of  acetylene  from  methane  over  carbide 
acetylene  for  catalytic  processes.  Carbide  acetylene  evidently  needs  much  mote  thorough  purification. 

The  best  of  the  hydration  catalysts  tested  was  phosphoric  acid  with  copper  phosphate  promoter,  supported 
on  steam-activated  birchwood  charcoal  "BAU"  (Catalyst  "I  ").With  this  catalyst,  a  yield  of  89-92'yc  of  acetalde¬ 
hyde  was  obtained,  calculated  on  the  acetylene  passed.  The  catalyst  was  selective  in  action,  and  side  reactions 
such  as  hydrogenation  of  acetylene  to  ethylene,  conversion  of  acetylene  to  carbon  monoxide  and  hydrogen,  etc., 
did  not  occur.  A  disadvantage  of  this  catalyst  is  its  relatively  low  stability. 

No  special  investigations  were  made  of  possibilities  of  decreasing  catalyst  fatigue  and  increasing  its  ser¬ 
vice  life,  as  the  principal  aim  was  to  establish  the  possibility  of  obtaining  maximum  equilibrium  yields  of  al¬ 
cohol. 

The  last  state  of  the  process  -  reduction  of  acetaldehyde  to  ethyl  alcohol  -  was  studied  with  nickel  and 
copper  on  silica  gel  as  catalysts. 

As  before,  selection  of  the  hydrogenation  catalyst  was  complicated  by  the  diversity  of  the  possible  direc¬ 
tions  of  the  process. 

It  was  found  that  at  200*  only  traces  of  alcohol  are  formed  in  presence  of  nickel  on  silica  gel  (Catalyst 
"N">;  copper  on  silica  gel  (Catalyst  "U")  gives  satisfactory  reduction  of  acetaldehyde  to  alcohol;  the  alcohol 
yield  is  25-33fl/e  on  the  acetylene  passed. 

The  inactivity  of  the  nickel  catalyst  is  probably  caused  by  oxidation  of  nickel  in  presence  of  large  amounts 
of  water  vapor.  In  the  case  of  the  copper  catalyst,  calculation  of  the  equilibrium  constant  for  the  system  copper 
oxide  +  hydrogen  (see  above^  shows  that  at  200*,  even  in  presence  of  large  amounts  of  water  vapor,  copper  is 
present  in  the  form  of  catalytically  active  metal.  The  action  of  the  copper  catalyst  is  selective  and  side  reac¬ 
tions  are  practically  eliminated. 


TABLE  4 

Results  of  Experiments  on  Hydration  of  Acetylene  and  Reduction  of  Acetaldehyde  to  Alcohol 


Experiment  No. 

Catalyst 

Composition  of  original  gas 

Feed  rate  of  original 
gas  (liters/hour) 

Water  feed 
(g/  hour) 

V  olume  of  water  vapor 

CO 

CO 

bO 

o 

0) 

E 

3 

"o 

> 

Aldehyde 

Alcohol 

c,n. 

CjH, 

CH, 

H, 

CO, 

CO 

0, 

N, 

43 

1 

7.00 

2.40 

39.90 

40.00 

0.20 

0.10 

0.90 

8.30 

2.66 

19.3 

8.1 

05 

I 

— 

9.45 

1.45 

24.90 

56.30 

0.05 

0.15 

0.70 

7.00 

1.78 

1.5;o 

9.6 

74 

I 

_ 

8.85 

2.40 

30.80 

44.70 

0.20 

0 

0.45 

6.60 

1.52 

17.5 

13.0 

84 

I 

11 

9.80 

1.95 

35.90 

43.80 

0.05 

0 

0.40 

8.10 

1.47 

14.7 

11.0 

87 

I 

U 

7.65 

2.40 

35.20 

45.60 

0.20 

0.05 

1.20 

7.70 

1.30 

18.0 

15.0 

89 

1 

II 

8.50 

2.35 

36.20 

45.30 

0.15 

0 

0.60 

6.90 

1.25 

14.3 

12.5 

90 

I 

11 

8.25 

2.30 

34.85 

46.05 

0.10 

0 

0.65 

7.80 

1.03 

13.8 

14.7 

91 

I 

II 

8.40 

2.26 

31.65 

46.95 

0.10 

0.40 

0.75 

9.50 

0.92 

14.5 

17.5 

The  alcohol  yield  obtained,  about  30'7c,  is  fairly  close  to  the  thermodynamic  equilibrium  concentration 
of  alcohol  at  this  temperature  (200*L  It  follows  from  Table  1  that  the  equilibrium  yield  of  alcohol  is  45<7c  at 
200‘,  and  at  225".  If  allowance  is  made  for  certain  temperature  variations  which  were  not  excluded  in 
our  experiments,  as  the  temperature  at  the  reactor  walls  nearer  to  the  heater  might  have  been  somewhat  higher 
than  at  the  center  of  the  reactor  where  it  was  measured,  the  actual  yield  of  is  very  close  to  the  tlieoreti- 
cally  possible. 

These  experiments  represent  the  first  stage  of  the  investigation,  which  should  be  continued  in  order  to  in¬ 
crease  the  yield  of  alcohol  by  a  decrease  of  the  temperature  at  the  aldehyde  reduction  stage,  with  a  displace¬ 
ment  of  the  reaction  equilibrium  in  the  desired  direction. 

The  results  of  certain  experiments  are  given  in  Table  4.  Of  these.  Experiments  43,  65,  and  74,  performed 
with  25  cc  of  Catalyst  "  I"  at  350"  for  6  hours,  were  on  hydration  of  acetylene  only.  Experiments  84  to  91  on 
the  production  of  alcohol  were  carried  out  with  the  same  amounts  of  hydration  Catalyst  "I,",  and  with  Catalyst 
"ir  at  the  reduction  stage.  100  cc  of  Catalyst  "11"  was  used;  the  reduction  temperature  was  200". 


SUMM  ARY 

1.  It  has  been  demonstrated  that  ethyl  alcohol  can  be  produced  from  acetylene  and  hydrogen  made  by 
electrocraching  of  methane,  by  a  continuous  vapor-phase  catalytic  process,  without  costly  separation  of  the 
cracking  gases;  catalysts  have  been  found  for  both  stages  of  tlie  process,  with  side  reactions  practically  elimi¬ 
nated. 


2.  With  cracking  gas  containing  8-10<yc  of  acetylene  by  volume,  the  best  yields  of  acetaldehyde  were 
obtained  at  350",  with  pliosphoric  acid  catalyst  containing  traces  of  copper  phosphate  promoter  supported  on 
"AG"  and  "BAU"  carbons,  and  with  mixtures  of  phosphoric  acid  and  zinc  phosphate  on  "AG"  carbon.  With 
tliesc  catalysts,  acetaldehyde  was  obtained  in  85-92<yc  yields  calculated  on  the  acetylene  passed,  with  an  aver¬ 
age  output  of  0.20-0.22  mole  of  acetaldehyde  per  hour  per  liter  of  catalyst,  with  a  catalyst  service  life  of  25-30 
hours.  Tlic  action  of  the  catalyst  is  selective,  and  side  processes  are  practically  eliminated. 

The  best  catalyst  for  reduction  of  acetaldehyde  to  ethyl  alcoliol  was  copper  on  silica  gel  (Catalyst  "II") 
which  gave  average  alcoliol  yields  of  about  30'7c  calculated  on  the  acetylene  passed,  with  an  average  output  of 
0.015-0.020  mole  of  ethyl  alcohol  per  hour  per  liter  of  catalyst.  The  alcohol  yield  obtained  is  close  to  the 
thermodynamic  equilibrium  value. 

3.  By  a  decrease  of  the  reduction  temperature  by  60-70",  the  yield  of  alcohol  can  be  raised  to  80-90'yc. 
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Yield  of 
acetal¬ 
dehyde 

Conversion 
of  acetylene 
to  aldehyde 
(%) 

Amount  of  alcohol 
in  condensate  (^ 

Conversion 
of  acetylene 
to  alcohol 

Composition  of  final  gas  (%) 

in  conden¬ 
sate  (g) 

in  trap  (g) 

•o 

<a 

o 

(Q  N 

aU 

o 

Pu  (U 

MC/3 

o 

on  reacted 
QHz 

passed 

no 

Cjllj 

C,iL 

CH, 

H, 

COj 

CO 

0., 

N., 

0.745 

0.183 

89 

78 

0.90 

2.50 

45.35 

43.05 

0.40 

0.10 

0.45 

7.25 

1.338 

0.174 

98.8 

89 

— 

— 

— 

0.95 

1.60 

26.80 

60.90 

0.30 

0.60 

0.35 

8.50 

1.100 

0.538 

99 

92 

— 

— 

— 

0.50 

2.55 

.39.85 

49.85 

0.20 

0.10 

0.25 

6.70 

0.420 

0.084 

32.3 

31.0 

0.564 

34.5 

33.2 

0.50 

2.40 

38.55 

48.05 

0.40 

0 

0.10 

10.00 

0.338 

0.043 

35.6 

34.5 

0.263 

23.6 

23.0 

0.25 

2.50 

37.65 

49.35 

0..50 

0.40 

0.15 

9.20 

0.4B4 

0.01  n 

44.5 

40.5 

0.368 

33.0 

30.0 

0.75 

2.60 

39.50 

48.25 

0.60 

0.75 

0.30 

7.25 

0.305 

0.026 

36.2 

35.3 

0.261 

27.2 

26.6 

0.20 

2.50 

39.25 

48.66 

0.40 

0.30 

0.20 

8.50 

0.416 

0.080 

62.0 

61.0 

0.174 

21.0 

20.5 

0.15 

2.35 

36.15 

50..50 

0.40 

0.15 

0.20 

10.10 
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RESIN  IN  SPRUCE  WOOD 


S.  S.  Malevskaya 

Chair  of  Organic  Chemistry,  the  S.  M.  Kirov  Academy  of  Forestry  Technology 


As  reported  earlier  [1],  spruce  wood  contains  resin  which  partially  remains  in  the  cellulose  fibers  after 
sulfite  cooking.  During  processing  of  the  cellulose  the  resin  may  be  deposited  on  the  equipment  in  various 
amounts  which  depend  on  the  degree  of  oxidation  of  its  constituents.  Not  enough  is  known  about  the  autoxida- 
tion  products  formed  in  the  resin.  We  studied  oxidized  resin  acids  from  ether  and  dichloroethane  extracts  and 
showed  that  oxygen  atoms  enter  the  resin  acid  molecules  on  exposure  to  air.  In  the  main,  oxygen  is  not  added 
at  the  double  bonds.  The  formula  of  such  acids  is  CgoHggOs. 

It  was  thought  that  the  resin  should  also  contain  acids  of  a  higher  degree  of  oxidation,  insoluble  in  ether 
and  in  dichloroethane  but  soluble  in  solvents  such  as  acetone.  The  following  experiments  were  carried  out  for 
extraction  of  such  acids.  Sawdust  from  seasoned  wood  (stored  for  5  months)  was  extracted  with  dichloroethane 

to  yield  a  dichloroethane  resin  extract  the  compo¬ 
sition  of  which  was  given  in  the  preceding  com¬ 
munication  [1].  After  extraction  of  the  resin  sol¬ 
uble  in  dichloroethane,  the  sawdust  was  additionally 
extracted  with  acetone,  19.6  g  of  acetone  extract 
being  obtained.  The  contents  of  resin  soluble  in 
dichloroethane. and  in  acetone  were  determined  in 
a  Soxhlet  apparatus  with  sawdust  of  standard  parti¬ 
cle  size  [2].  Determinations  of  the  extractable 
resin  were  repeated  a  year  later.  The  sawdust  was 
kept  in  the  laboratory  in  a  stoppered  bottle. 

The  results  of  the  experiments  are  given  in 
Table  1. 

The  contents  of  resin  extracted  by  these  sol¬ 
vents  decrease  during  storage.  As  we  were  inter¬ 
ested  in  the  composition  of  the  acetone  extract,  it 
was  separated  by  the  method  described  previously 
[1]. 

The  results  of  these  experiments  are  given  in  Table  2. 

The  acetone  extract  consists  predominantly  of  acids,  which  represent  81. 6*70  of  the  total  resin;  of  these, 
60.4<J/c  consists  of  oxidized  resin  acids  of  formulas  CjoHjeOg.s  and  C20H26O,.  These  acids  were  analyzed;  double 
bonds  were  determined  by  Kaufmann’s  method  [3],  hydroxyl  groups  by  Tserevitinov's  (Zerevitinov’s)  method 
in  quinoline  solution,  carboxyl  groups  by  titration  at  room  temperature  and  after  boiling  with  alkali  (lactones); 
quinoid  groups  were  also  determined,  and  the  molecular  weight  was  found  by  the  Rast  method.  The  results  are 
are  given  in  Table  3.  It  follows  from  these  experiments  that  oxygen  was  not  added  at  the  doible  bonds.  The 
acid  with  the  composition  C2oH2606^5  contains  about  3  OH  groups  in  the  molecule,  and  the  acid  with  the 


TABLE  1 

Results  of  Experiments  on  Extraction  of  Resin  from 
Wood 


Wood 

Amount  of  resin  extracted 

(%) 

^  by  di¬ 
chloro¬ 
ethane 

additional¬ 
ly  by  ace¬ 
tone 

total 

Freshly  felled 

2.14 

- 

- 

A  fter  5  month 

of  storage 

1.63 

0.63 

2.26 

After  20 

month . 

1.11 

0.29 

1.40 

•  Communication  II. 
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composition  C20H26O7  contains  3.4-3.8  (3.5)  hydroxyl  groups. 
Titration  at  room  temperature  gives  0.6  carboxyl  groups  for 
the  first  acid,  and  0.5  for  the  second.  After  boiling  with,  al¬ 
kali  this  is  increased  by  0.4- 0.5  carboxyl  groups.  The  over¬ 
all  content  is  one  carboxyl  group  per  molecule  of  each  acid. 

Half  the  carboxyl  groups  are  present  in  the  free  state, 
and  half  probably  in  the  form  of  lactones.  In  view  of  the 
high  molecular  weight  of  the  acids,  the  presence  of  a  small 
proportion  of  dimeric  molecules,  linked  by  ester  linkages, 
may  be  postulated.  The  existence  of  dimeric  molecules  of 
this  type  is  reported  in  the  literature  [4].  In  addition,  when 
the  acetone  extract  was  separated,  the  residue  contained  a 
small  amount  of  an  acid  which  was  insoluble  in  acetone  but 
dissolved  in  acetic  acid;  its  molecular  weight  determined 
by  the  Rast  method  was  1289.  The  nature  of  this  substance 
requires  further  investigation. 

The  molecule  of  the  C20H26O7  acid  was  found  to  con¬ 
tain  one  quinoid  group,  and  that  of  the  C20H26O5  5  acid,  0.76 
of  a  quinoid  group.  For  confirmation  of  the  presence  of  lac¬ 
tones  in  the  oxidized  acids,  the  C20H26O7  acid  isolated  from 
an  acetone  extract  of  resin  obtained  without  preliminary 
extraction  with  dichloroethane  was  titrated  in  the  cold  and 
after  boiling  witli  alkali. 

COOH  groups  found 

By  titration  in  the  cold  0.5  0.4 

By  titration  after  boiling  with  alkali  0.6  0.6 

These  results  agree  with  those  given  earlier. 

These  results  suggest  that  as  the  number  of  oxygen 
atoms  in  the  resin  acid  molecules  increases,  quinoid  groups 
and  hydroxyl  groups  are  formed;  formation  of  the  latter  leads 
to  formation  of  lactones  and  probably  also  of  dimeric  mole¬ 
cules.  The  latter  are  insoluble  in  the  organic  solvents  used 
for  the  extraction  of  resin  from  wood.  This  reaction  converts 
the  resin  into  a  form  which  is  harmless  in  pulp  and  paper  pro¬ 
duction,  and  leads  to  an  apparent  decrease  of  the  resin  con¬ 
tent  in  seasoned  wood. 

Since  the  most  easily  oxidized  acid  in  wood  resin  is 
a-sapinic,  on  the  basis  of  the  foregoing  the  following  struc¬ 
tural  formula  is  proposed  for  the  C20H26O7  acid; 


To  establish  the  structure  of  the  C20  H26O7  acid,  an 
ozonation  experiment  was  carried  out. 
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TABLE  3 


Analytical  Data  for  Resin  Acids 


Type  of 
resin  acids 

Formula 
nearest  to 
elementary 
composition 

Ana] 

found  <^0 

lysis 

calculated 

(%) 

Molecular  weight, 
Rast  method 

•0 

<u 

S  E 
E 

0  - 

CO 

Content  of  OH 
groups 

Carboxyl  group 
content  by  ti¬ 
tration 

Quinoid  group  con¬ 
tent 

c 

H 

1 

H 

E 

4-» 

E2 

o« 

‘-E 

US 

0^ 

« 

total 

Soluble  in 

i 

1 

ether 

64.46 

7.08 

64.83 

7.07 

391 

2.3 

2.8 

0.6 

0.49 

1.09 

0.78 

Insoluble  in 

'“'2oH26'^6.5  ( 

64.87 

7.23 

64.83 

7.07 

_ 

2.3 

2.6 

0.6 

0.4 

1.0 

0.74 

ether,  soluble 

in  ethyl 

acetate 

63.52 

7.05 

63.46 

6.92 

445 

2.3 

3.8 

0.57 

0.52 

1.09 

1.0 

'-'20«26'“'7  S 

63.40 

7.02 

63.46 

6.92 

439 

2.4 

3.4 

0.51 

0.49 

1.0 

1.0 

A  solution  of  the  acid  in  ethyl  acetate  had  a  dark  cherry  color,  and  it  became  yellow  at  the  end  of  ozo¬ 
nation.  but  after  removal  of  the  solvent  the  ozonide  was  dark  in  color.  Analysis  of  the  ozonide  showed  that  a 
little  more  than  two  molecules  of  ozone  were  added  on  per  acid  molecule.  The  ozonide  had  the  formula 

C2nH280i3  5. 

Found  <7c:  C  49.46.  49.33;  H  5.84,  5.91.  CjoHggOij^s.  Calculated  «7<,:  C  49.56,  H  5.82. 

The  ozonide  was  decomposed  with  steam.  Hardly  any  volatile  acids  were  obtained.  The  decomposition 
product  was  not  soluble  in  ether,  and  was  extracted  from  aqueous  solution  with  butyl  alcohol.  Analysis  of  the 
decomposition  product  gave; 

Found  <yc:  C  58.47.  58.38;  H  6.57.  6.54.  CjoHzjO^.  Calculated  o/o:  C  58.50,  H  6.38. 

The  ozonide  decomposition  product  was  analyzed  for  hydroxyl  group  content  by  Tserevitinov's  method, 
in  quinoline  solution. 


OH  groups  found 

3.3, 

3.4. 

Carboxyl  groups 

titration  in  the  cold 

0.83 

0.83 

after  boiling  with  alkali 

1.28 

1.3 

The  results  of  the  ozonation  experiment  confirm  the  presence  of  two  double  bonds  in  the  acid  molecule. 
Decomposition  of  the  ozonide  gave  a  dibasic  hydroxy  acid,  one  carboxyl  group  of  which  is  present  mainly  in 
lactone  form.  The  acid  molecule  contains  about  three  hydroxyl  groups,  which  agrees  with  the  expected  struc¬ 
ture  of  the  ozonide  decomposition  product.  The  presence  of  9  oxygen  atoms  in  the  decomposition  product  is 
a  discrepancy,  as  theoretically  11  oxygen  atoms  should  be  present. 

The  study  of  the  oxidized  resin  acid  with  the  composition  C2oH2804  g  from  the  dichloroethane  extract  [1] 
was  continued.  The  hydroxyl  group  content  determined  by  Tserevitinov’s  method  in  quinoline  solution  was 
found  to  be  2.6,  2.8. 

Titration  showed  the  presence  of  one  carboxyl  group  (0.97,  0,95).  The  quinoid  group  content  was  found 
to  be  0.53-0.6. 

To  establish  the  structure  of  the  acid,  an  ozonation  experiment  was  carried  out.  The  initially  dark  solu¬ 
tion  was  decolorized  during  ozonation,  and  a  straw-yellow  ozonide  was  obtained. 
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Analysis  of  the  ozonide. 

Found  o/o:  C  56.55,  56.50;  H  7.24,  7.26.C2oH3oC\  5.  Calculated  <yc:  C  56.84,  H  7.15. 

About  2  molecules  of  ozone  (5  oxygen  atoms)  were  added,  which  corresponds  to  the  number  of  double 
bonds  in  the  acid  molecule,  found  to  be  1.6,  1.7  [1]. 

The  decomposition  of  the  ozonide  by  steam  was  extremely  slow.  The  yield  of  volatile  acids,  calculated 
as  acetic,  was  0.32  g.  A  part  of  the  ozonide  decomposition  products  was  soluble  in  ether,  while  a  part  could 
be  extracted  only  after  preliminary  treatment  with  butanol. 

Analysis  of  the  ether-soluble  decomposition  product  of  the  ozonide. 

Found  <70;  C  60.47,  60.53;  H  8.18,  7.70.  C20H3PO7.8.  Calculated  <70:  C  60.76,  H  7.64. 

The  hydroxyl  group  content  of  the  decomposition  product  was  determined  by  Tserevitinov’s  method  (in 
quinoline).  This  gave  3.5,  3.4  OH  groups. 

These  results  lead  to  the  conclusion  that  the  less  oxidized  the  substance,  the  lower  is  its  quinoid  group 
content.  The  acid  with  the  composition  C20H28O4  r  may  be  a  mixture  of  two  isomers  with  the  structures: 


CH,  COOH  CH3  COOH 

\/  \/ 


/\/\ 

1  1 

/\|/\ 

1  1 

\/K^\=o 

^CH» 

CHa  CH, 

EXPERIMENTAL 

Investigation  of  the  Acid  of  Composition  C20H26O6.5 
Analysis. 

Found  C  64.46,  64.87;  H  7.08,  7.23.  C20H26O6.5.  Calculated  <^0:  C  64.83,  H  7.07. 

Molecular  weight,  by  the  Rast  method:  0.0606  g  substance;  0.5072  g  camphor.  At"  =  10.2,  M  =  391. 


Double  Bond  Content,  by  Kaufmann's  Method 


Br2  added 
calculated  as  I2 


Number  of 
double  bonds 


0.1028  g  substance  0.1662  g  2.3 

0.1048  g  substance  0.1675  g  2.3 


Number  of  OH  groups,  by  Tserevitinov’s  method.  The  determinations  were  carried  put  in  quinoline  so¬ 
lution.  The  orga nomagnesium  compound  was  prepared  in  butyl  ether  solution. 

Number  of 
"  OH  groups 

0.1040  g  substance  19.3  ml  2.8 

0.1144  g  substance  18.2  ml  2.6 

Carboxyl  content,  by  titration.  The  acids  were  dissolved  in  alcohol. 

Experiment  1.  0.1038  g  substance,  titration  took  1.6  ml  of  0.1  N  NaOH  solution,  corresponding  to  0.6  of 
a  COOH  group.  5  ml  of  0.1  N  NaOH  solution  was  added  and  the  solution  was  boiled  for  an  hour.  After  cooling 
the  excess  alkali  was  titrated  with  0.1  N  HCl  solution.  A  further  1.3  ml  of  0.1  N  NaOH  solution  was  required 
for  titration,  corresponding  to  0.49  of  a  COOH  group.  The  two  titrations  together  gave  1.09  COOH.  The  pro¬ 
cedure  was  similar  in  all  the  experiments. 
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Experiment  2.  O.OSSQ  g  substance,  titration  took  1.3  ml  of  0,1  N  NaOH  solution,  corresponding  to  0.6  of 
a  COOH  group.  After  boiling,  0.9  ml  of  0.1  N  NaOH  was  required  for  titration,  corresponding  to  0.4  of  a  COOH 
group.  Altogether  the  acid  molecule  contained  1  COOH  group. 

Quinoid  group  determination.  A  weighed  sample  of  the  acid  was  dissolved  in  10  ml  of  glacial  acetic 
acid,  the  solution  was  heated  to  boiling,  and  zinc  dust  was  added.  The  cherry-red  solution  became  yellow. 
The  excess  zinc  was  filtered  off  and  waslied.  The  solution  was  neutralized  with  caustic  soda  until  neutral  to 
phenolphthalein,  and  titrated  with  iodine  in  presence  of  starch.  The  quinoid  group  contents  were  0.78,  0.74. 
0.1046  g  of  substance,  0.0533  g  of  iodine  required  for  titration.  0.1028  g  of  substance,  0.0495  g  of  iodine  re¬ 
quired  for  titration. 

Tlie  reaction  proceeds  according  to  the  equation: 

^20^28^\5  +  ^2  ~  2HI  +  C2oH2606^5. 

Investigation  of  the  Acid  of  Composition  C2oH26f^7. 

Analysis. 

Found  o/c:  C  63.52,  7.02;  H  7.07,  7.02.  C20H26O7.  Calculated  “/c:  C  63.46,  H  6.92. 

Molecular  weight,  by  the  Rast  method 


Camphor 

At- 

M 

0.0100  g  substance 

0.1654  g 

7.5 

439 

0,0116  g  substance 

0.2082  g 

5 

455 

Mav 

442 

Double  Bond  Content,  by  Kaufman  n’s  Method 

Br2  added  Number  of 

calculated  as  I2  double  bonds 

0.1036  g  substance  0.1599  g  2.3 

0.1032  g  substance  0.1674  g  2.3 

Number  of  OH  groups,  by  Tserevitinov' s  method 

Number  of 
OH  groups 

0.1080  g  substance  24.5  ml  3.8 

0.0993  g  substance  19.7  ml  3.4 

Carboxyl  content,  by  titration 

0.1  N  NaOH  taken  for  titration 

0.1038  g  substance  1.34  ml  (in  tlie  cold) 

1.3  ml  (after  boiling 

0.1076  g  substance  1,23  ml  (in  tlie  cold)  0.51 

1.2  ml  (after  boiling)  0.49 


Carboxyl  groups 

0.57 

0.52 


Quinoid  group  determination 


0.1042  g  substance 
0.1042  g  substance 


Iodine  taken  for  Number  of 

titration  quinoid  groups 

0.0604  g  1.0 

0.0623  g  1.0 


955 


Ozonation  experiment.  2  g  of  the  acid  with  composition  C20H26O7  was  taken  for  ozonation.  29  liters  of 
oxygen  was  passed  through.  The  ozone  concentration  was  3.1'yo.  The  solvent  was  ethyl  acetate.  At  the  end  of 
ozonation  the  solvent  was  distilled  off  and  the  ozonide  dried  under  vacuum. 

Analysis  of  ozonide. 

Found  <7c:  C  49.46,  49.33;  H  5.84,  5.91.  C20H28O13  5.  Calculated  C  49.56,  H  5.82. 

The  ozonide  was  decomposed  by  steam  for  12  hours.  Most  of  the  ozonide  went  into  aqueous  solution, 
which  was  cooled  and  extracted  with  ether  and  butanol.  Only  0.12  g  of  a  substance,  which  was  not  investigated, 
was  extracted  in  ether.  The  acid  soluble  in  butanol  was  analyzed. 

Analysis  of  acid  soluble  in  butanol. 

Found  C  58.47,  58.38;  H  6.57,  6.54.  C2oH2609.  Calculated  "/o:  C  58.50,  H  6.38. 

Hydroxyl  and  carboxyl  groups  were  determined  in  the  decomposition  product  of  the  ozonide. 

Number  of  OH  Groups,  by  Tserevitinov's  Method 
Determinations  in  quinoline  solution 

Number  of 

Va 

OH  groups 

0.1060  g  substance  19.1  ml  3.3 

0.1210  g  substance  28.8  nil  3.4 

Acid  groups  were  determined  by  titration,  and  lactones  by  titration  after  boiling  with  alkali. 


Carboxyl  content,  by  titration 

0.1  N  NaOH  taken  for  titration  Carboxyl  groups 

0.0980  g  substance  2.0  ml  (in  the  cold)  0.83 

3.1  ml  (after  boiling)  1.28 

0.0984  g  substance  2.0  ml  (in  the  cold)  0.83 

3.2  ml  (after  boiling)  1.30 


Substances  volatile  in  steam.  The  volume  of  the  first  distillate  was  715  ml.  Its  titration  required  7.6  ml 
of  0.1  N  NaOH.  No  volatile  substances  were  found  in  the  second  distillate. 

I n V e s t i ga t io n  of  the  Acid  of  Composition  C20H 2  8^4, 6 

The  hydroxyl,  carboxyl,  and  quinoid  group  contents  of  this  acid  were  determined. 

Number  of  OH  groups,  by  Tserevitinov,’s  Method 
Determinations  in  quinoline  solution 

Number  of 
®  OH  groups 

0.1012  g  substance  20  ml  3.0 

0.1051  g  substance  17.7  ml  2.6 

Carboxyl  content,  by  titration 

0.1  N  NaOH  taken  for  titration 

0.2032  g  substance  5.8  ml 

0.1756  g  substance  4.7  ml 


Carboxyl  groups 

0.97 

0.95 
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Quinoid  group  determination 

Iodine  taken  for  Number  of 

titration  quinoid  groups 

0.1031  g  substance  0.0406  g  0.53 

0.1001  g  substance  0.0444  g  0.6 

Ozonation  experiment.  10  g  of  the  substance,  dissolved  in  ethyl  acetate,  was  taken  for  ozonation.  47 
liters  of  Oj  containing  2Pjc  ozone  was  passed  through.  After  removal  of  the  solvent  a  pale  yellow  ozonide  re¬ 
mained. 

Analysis. 

Found  C  56.55,  56.50;  H  7.24,  7.26.  CjoHjnO^^s.  Calculated C  56.84.  H  7.15. 

The  ozonide  was  extremely  difficult  to  decompose  by  steam. 

The  volume  of  the  first  distillate  was  1056  ml,  and  its  titration  took  53.5  ml  of  0.1  N  NaOH,  which  is 
equivalent  to  0.32  g  of  acetic  acid. 

Subsequent  distillates  contained  no  volatile  acids.  Decomposition  of  the  ozonide  gave  2.4  g  of  a  sub¬ 
stance  soluble  in  ether;  a  further  2.53  g  of  substance  was  extracted  with  butanol,  and  the  residue  was  2.15  g. 
The  residue  was  analyzed  and  it  was  found  that  it  was  mainly  the  original  unchanged  acid. 

Analysis  of  the  ether-soluble  decomposition  product  of  the  ozonide. 

Found  C  60.47,  60.53;  H  8.19,  7.70.  C2oH3o07_g.  Calculated  <yc:  C  60.76,  H  7.64. 

Carboxyl  content,  by  titration 

0.1  N  NaOH  taken  for  titration  Carboxyl  groups 

1844  g  substance  7.5  ml  1.6 

1696  g  substance  6.7  ml  1.6 

Number  of  OH  groups,  by  Tserevitinov’s  method 

Number  of 
OH  groups 

0.1032  g  substance  19.6  ml  3.5 

0.0980  g  substance  18.4  ml  3.4 

Analysis  of  decomposition  product  of  ozonide,  soluble  in  butanol. 

Found  C  60.27,  60.60;  H  7.41,  7. ,37. 


SUMMARY 

1.  Experimental  data  obtained  in  a  study  of  oxidized  resin  acids  of  the  composition  C2oH2606,5  and 
C20H26O7  (isolated  from  spruce  wood  by  acetone  extraction  after  preliminary  treatment  of  the  sawdust  with 
dichloroethane)  suggest  that  as  the  number  of  oxygen  atoms  in  the  resin  acids  increases,  a  quinoid  group  and 
hydroxyl  groups  are  formed  in  the  molecule.  The  formation  of  these  groups  leads  to  lactone  formation  and 
probably  to  dimerization  of  the  molecules. 

2.  As  the  most  readily  oxidizable  acid  in  wood  resin  isa-sapinic,  a  structural  fonnula  is  proposed  for 
the  acid  of  composition  C2oH260i,  on  the  basis  of  the  experimental  data. 

3.  Study  of  the  oxidized  resin  acid  of  the  composition  C20H28O4.6,  obtained  from  dichloroethane  extract 
of  wood,  has  been  continued.  The  experimental  results  suggest  that  this  acid  is  a  mixture  of  isomers;  a  proposed 
structure  of  these  is  given. 
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AROMATIZATION  OF  TREE-STUMP  TURPENTINE 
V.  G.  Plyusnin,  S.  I.  Chertkova,  E.  P,  Babin,  and  M.  A,  Mikhailova 

Dehydrogenation  of  the  terpenes  in  turpentine  over  activated  carbon  yields  mainly  p-cymene,  p-menthane, 
and  toluene  [1,  2].  In  view  of  the  large  available  resources  of  tree-stump  turpentine,  of  which  not  nearly 
enough  use  is  being  made  at  the  present  time,  and  of  the  availability  and  relative  cheapness  of  activated  car¬ 
bon,  the  conversion  of  tree-stump  turpentine  into  a  more  valuable  chemical  raw  material  is  of  interest.  The 
product  may  be  used  as  an  additive  to  aviation  gasoline  or  as  a  raw  material  rich  in  aromatic  hydrocarbons. 

EXPERIMENTAL  METHODS 

Characteristics  of  tlie  raw  material.  The  raw  material  used  was  tree-stump  turpentine  with  the  following 
cliaracteristics;  boiling  range  138-207*;  n^  1.4770;  d^®  0,8627;  iodine  number  241. 

Apparatus  and  experimental  procedure.  The  dehydrogenation  of  turpentine  terpenes  was  studied  in  a 
large-scale  unit  shown  diagrammatically  in  Fig.  1. 


'IniM  I 


Fig.  1.  Apparatus  for  aromatization  of  tree-stump  turpentine. 

1)  Lead  tanks;  2)  catalytic  chamber;  3)  pump;  4)  raw  material  tank;  5)  receiver; 

6)  condenser;  7)  gas  holder. 

Tlie  temperature  of  the  lead  tanks  1  with  coil  heaters  was  kept  at  425*.  The  catalytic  chamber  2  was 
100  mm  in  diameter  and  2200  mm  high.  It  was  filled  with  activated  carbon  (about  7  liters)  and  its  temperature 
was  kept  constant.  The  throughput  of  the  unit  was  regulated  by  means  of  the  pump  3  (in  the  range  of  5-10  liters 
per  hour).  ' 
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The  liquid  products  obtained  by  dehydrogenation  of  the  tree-stump  turpentine  were  termed  catalyzates; 
the  catalyzates  purified  to  remove  unsaturated  hydrocarbons  were  termed  "uratols"  (Ural  toluene). 

Tlie  effects  of  various  factors  on  dehydrogenation  of  terpenes  were  judged  by  the  yields  of  the  catalyzates, 
their  physicochemical  characteristics,  and  the  composition  of  the  gas  (contents  of  olefins  and  hydrogen). 

The  unsaturated  hydrocarbon  contents  of  the  catalyzates  were  found  from  the  iodine  numbers,  the  un¬ 
saturated  hydrocarbons  in  the  gases  were  determined  by  absorption  in  sulfuric  acid,  by  Dobryansky's  method, 
and  the  hydrogen  content  was  found  by  combustion  over  spongy  palladium. 

The  apparatus  described  was  used  to  study  the  effect  of  the  raw  feed  rate  (in  volumes  of  raw  feed  per 
unit  volume  of  catalyst  per  hour)  at  425®,  and  the  effect  of  reaction  temperature  at  a  constant  feed  rate  of  1. 

The  results  are  given  in  Tables  1  and  2, 

TABLE  1 

Effect  of  the  Raw  Feed  Rate  on  the  Yields  and  Compositions  of  Catalyzate  and  Gas 


Yield  1 

Catalyzate  j 

Composition  of  gas 

Vr* 

of  C3.t^£lly  "j 
zate(%)  j 

V 

S 

.,20 

iodine  | 
number 

1  CO, 

j 

CsH, 

C,H, 

H, 

0.5 

86.5 

96 

1.4970 

125.0 

0.4 

1.6 

6.4 

6.0 

18.6 

1.0 

88.7 

78 

1.4955 

133.5 

0.6 

1.2 

6.8 

5.8 

18.3 

1.6 

90.0 

70 

1.4890 

156.8 

0.5 

1.6 

6.2 

6.8 

18.8 

2.0 

91.0 

65 

1.4860 

165,4 

0.6 

2.0 

7.0 

6.2 

19.0 

2.5 

92.3 

52 

1.4805 

174.6 

0.5 

1.6 

6.3 

5.9 

18.7 

V,= 


volume  of  raw  feed 
volume  of  catalyst 'hour 


r  _  volume  of  gas 
8  volume  of  raw  feed 


TABLE  2 

Dehydrogenation  of  Turpentine  Terpenes  at  Constant  Raw  Feed  Rate  (Vj  = 
and  Various  Temperatures. 


1  liter  raw  feed 
liter  catalyst 'hour 


) 


Tempera¬ 
ture,  (*C) 

Yield 

Catalyzate 

Composition  of  gas 

s  s 

O  N 

''r 

.,20 

Vd 

iodine 

number 

CO, 

n  -C4He 

C,H, 

C,H, 

425 

94.5 

34.0 

0.8528 

1.4720 

208.0 

0.2 

4.0 

5.4 

8.4 

17.2 

450 

90.0 

66.0 

0.8694 

1.4869 

130.0 

0.2 

4.4 

5.6 

7.5 

17.2 

500 

82.0 

168.0 

0.8705 

1.4990 

98.0 

0.2 

6.8 

8.0 

8.2 

17.0 

550 

70.0 

236.0 

0.8766 

1.5090 

47.0 

0.3 

6.4 

7.0 

7.4 

17.8 

580 

68.0 

248.0 

0.8778 

1.5120 

40.0 

0.2 

7.8 

7.2 

8.1 

17.9 

It  follows  from  the  data  in  Table  1  that  at  425“  and  volume  feed  rates  between  0,5  and  2.5  the  iodine 
numbers  of  the  catalyzate  remain  high  at  all  feed  rates.  However,  depending  on  the  composition  of  the  gas, 
terpene  dehydrogenation  is  accompanied  by  loss  of  side  chains,  leading  to  the  formation  of  an  aromatic  pro¬ 
duct  lighter  dian  cymene. 
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Tlie  data  In  Table  2  show  that  altliough  increase  of  temperature  leads  to  a  decrease  of  iodine  number, 
the  catalyzate  contains  considerable  amounts  of  unsaturated  hydrocarbons  even  at  580*. 

The  yields  and  physicochemical  constants  of  "uratols"  obtained  by  purifications  of  catalyzates  with 
sulfuric  acid  at  different  concentrations  are  given  in  Table  3.  It  is  seen  that  even  70%  sulfuric  acid  has  an 
effect  on  the  unsaturated  compounds  in  the  catalyzate,  as  the  process  is  accompanied  by  a  considerable  de¬ 
crease  of  "uratol"  yield  and  a  decrease  of  the  iodine  number  of  tlie  fraction  boiling  up  to  200*.  As  the  sulfuric 
acid  concentration  is  increased  from  70  to  96%,  the  decrease  of  the  "uratol"  yield  reaches  10%  calculated  on 
the  turpentine;  the  highest  loss  of  "uratol"  is  26.8%,  which  occurs  on  purification  with  96%Il8S04.  As  was  to 
be  expected,  the  decrease  of  "uratol"  yield  with  increasing  acid  concentration  is  due  mainly  to  the  amount 
of  hydrocarbons  passing  into  the  acid  tar  rather  than  to  an  increased  polymer  content. 


TABLE  3 

Purification  of  Catalyzate  from  Tree-Stump  Turpentine  with  Sulfuric  Acid  of  Different 
Concentrations 


£ 

c?  o* 

«  c 
o 

hU  Q 

c5' 

.S 

<:  1-1  c- 

Li 

•-H  *-*  W 

U  0)  c 

.20 
^  4 

”£) 

Iodine 

number 

g 

V4 

eg  •rH 

S  o 

C/D  JD 

Proportion  of  material  (in  %)  boiling 
at  (*C) 

100 

120 

140 

160 

180 

200 

0 

0 

81.0 

0.8596 

1.4902 

82.5 

85 

1.5 

5 

13.8 

40.2 

80.0 

91.0 

70 

( 

64.0 

0.8578 

1.4852 

60.7 

95 

0.2 

2.5 

10.0 

37.8 

86.0 

95.8 

70 

62.0 

0.8580 

1.4834 

58.7 

93 

0.2 

3.0 

13.0 

48.0 

94.0 

96.0 

75 

60.0 

0.8586 

1.4850 

50.1 

93 

0.3 

2.5 

8.8 

39.0 

84.5 

94.0 

75 

61.0 

0.8574 

1.4845 

49.0 

96 

0.2 

2.4 

12.0 

45.0 

92.0 

96.0 

80 

14.0 

58.5 

0.8566 

1.4850 

39.1 

105 

— 

0.8 

7.8 

38.1 

85.5 

96.0 

80 

56.3 

0.8570 

1.4865 

41.0 

106 

— 

0.5 

16.0 

47.0 

81.0 

97.0 

90 

55.0 

— 

1.4874 

30.4 

115 

— 

1.0 

4.0 

37.0 

87.0 

94.5 

90 

54.0 

_ 

1.4870 

29.5 

no 

— 

0.4 

5.0 

39.0 

88.1 

96.0 

96 

52.2 

— 

1.4873 

26.3 

120 

— 

— 

4.8 

38.0 

87.2 

96.0 

Purification  with  96%  sulfuric  acid  gave  a  yield  of  52.2%  of  "uratol"  with  iodine  number  26.3,  Evidently, 
"uratol"  free  from  olefins  can  be  obtained  by  increasing  the  amount  of  acid,  but  the  yield  of  "uratol,"  according 
to  the  data  in  Table  3,  will  decrease  as  the  result  of  losses,  not  only  of  unsaturated  compounds,  but  also  of 
aromatic  hydrocarbons.  Tliis  is  shown  by  the  results  of  standard  distillations,  in  which  the  contents  of  benzene 
—  toluene  —  xylene  fractions  decrease  with  increasing  sulfuric  acid  concentration.  It  is  therefore  evident  that 
sulfuric  acid  is  an  unsuitable  catalytic  reagent  for  the  production  of  pure  aromatic  hydrocarbons. 

The  stability  of  "uratols"  was  tested  by  determinations  of  the  residual  tar  contents  of  a  mixture  con¬ 
sisting  of  90%B-70  aviation  gasoline  and  10%  "uratol."  It  was  found  that  "uratol"  purified  by  means  of  sulfuric 
acid  of  over  75%  concentration  gives  a  residual  tar  value  of  not  over  2  mg  per  100  ml  of  mixture  with  B-70 
gasoline.  "Uratol"  purified  by  means  of  70%  sulfuric  acid  gives  up  to  7  mg  residual  tars,  and  products  distilled 
from  the  catalyzate  at  a  final  boiling  temperature  of  200*,  10-12  mg.  Thus,  to  obtain  a  stable  "uratol,"  the 
concentration  of  sulfuric  acid  used  for  purification  of  the  catalyzate  should  evidently  be  at  least  75%,  For  this 
reason  80%  sulfuric  acid  was  used  for  subsequent  purification  of  catalyzates. 

The  "uratol"  obtained  by  purification  with  14%  of  80%  sulfuric  acid  and  distilled  in  steam  had  the 
following  characteristics;  yield  of  "uratol"  calculated  on  turpentine  68%;  density  d|®  0.8651,  refractive 
index  n^  1.4952,  iodine  number  42.8, 

The  results  of  fractionation  of  "uratol"  through  a  column  of  24  theoretical  plates  are  given  in  Table  4 
and  plotted  in  Fig.  2,  A  curve  for  the  fractional  composition  of  the  catalyzate  distilled  through  the  same 
column  is  also  given. 

The  antiknock  properties  of  the  catalyzate  and  "uratol"  in  mixtures  with  B-70  gasoline  were  evaluated 
by  determinations  of  octane  numbers  by  the  engine  method. 
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It  follows  from  the  data  in  Table  5  that  10  to  30%  additions  of  catalyzate  and  of  "uratol"  to  B-70 
aviation  gasoline  produce  almost  equal  increases  of  octane  numbers. 

TABLE  4 

Fractional  Composition  of  "Uratol"  With  Iodine  Number  42.8. 


Fraction 
(boiling 
range,  '-•1 

Yield 

(%) 

«20 

”d 

mil 

Iodine 

number 

Up  to  100 

2.8 

102.8 

18.9 

100—130 

20.6 

130—140 

14.8 

20.5 

140—160 

16.3 

31.2 

160—160 

10.6 

37.1 

160—170 

16.1 

0.8703 

44.4 

170—176 

7.0 

1.4986 

0.8733 

32.0 

176—183 
Residue  and 

3.6 

1.6000 

0.8776 

41.9 

losses 

9.2 

1.6100 

0.9096 

121.9 

"Uratol" 

100 

1.4962 

0.8651 

42.8 

Table  5  also  gives  the  octane  numbers  of  the  pure  products,  catalyzate  and  "uratol,"  calculated  by 

70  .  Pg  +  xPq 

means  of  the  formula  for  mixtures;  the  octane  number  of  the  mixture  =  — - —  -  .  where  x  is  the 

100 

octane  number  of  die  pure  component,  Pq  is  the  content  of  the  pure  component  in  the  mixture  (in  %),  and 
Pg  is  the  content  of  B-70  gasoline  in  the  mixture  (in  %), 


A 


Fig,  2,  Fractionation  curves  for  catalyzate  (1)  with  iodine 
number  130,  and  "uratol"  obtained  from  it  (2)  with  iodine 
number  42.8. 

A)  Temperature  ("C );  B)  yields  of  fractions  (%) . 
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It  follows  from  these  data  that  in  a  mixture  containing  \Q°loo{  "uratol**  the  octane  number  of  the  "uratol* 
itself  is  very  high,  differing  by  89  units  from  the  value  for  the  terpenes  in  the  original  raw  material  and  by 
12  units  from  the  value  for  the  catalyzate. 

TABLE  5 

Octane  Numbers  of  B-70  Gasoline  with  Additives 


Hydrocarbon  mixture 

Octane  numbers 
with  additives 

Octane  no. 
with  addltior 
of  10% 
"uratol" 

(3  ml  e.l.) 

Calculated  octane  no. 
after  ^^ition  of  mixture 

10 

20 

30 

10 

30 

Turpentine 

67.3 

64.2 

43 

Catalyzate 

75.1 

75.3 

76.2 

88.0 

120 

90.7 

"Uratol* 

76.2 

76.0 

76.4 

89.6 

132 

91.3 

However,  the  difference  of  octane  values  between  "uratol*  and  the  catalyzate  diminishes  with  increase 
of  the  amounts  added  to  B-70  gasoline,  and  at  30%  contents  it  becomes  close  to  zero. 

Thus,  if  the  high-octane  component  obtainable  from  turpentine  by  dehydrogenation  is  regarded  as  a 
component  for  raising  the  octane  number  of  automobile  and  not  of  aviation  fuel,  sulfuric  acid  purification  of 
the  catalyzate  evidently  becomes  unnecessary.  Only  steam  distillation  for  removal  of  tars  is  needed. 


TABLE  6 

Fractional  Composition  of  ■Uratol"  and  Physicochemical  Constants  of 
Individual  Fractions 


Fraction  (boiling 
range,  -c) 

Yield  of  fraction 
(wt,  %) 

"d 

Iodine 

number 

on  the 

fcataly- 

zate 

CWl  th3 

turpen¬ 
tine  •” 

80  —100 

2.5 

0.4 

1.4870 

0 

100  —110 

0.1 

— 

— 

— 

— 

no  —Ill 

14.7 

7.1 

1.4960 

0.9651 

0 

111  —136 

0.2 

— 

— 

— 

— 

136.5—141 

32.2 

15.7 

1.4971 

0.8659 

0 

141  —143 

0.5 

— 

— 

— 

— 

143  —160 

1.3 

0.6 

1.4969 

0.8661 

0 

150  —160 

5.7 

2.8 

1.4948 

0.8663 

0 

160  —170 

16.6 

8.0 

1.4956 

0.8681 

0 

170  —176 

9.8 

4.8 

1.5018 

0.8689 

0 

Residue,  b,  p,  176  .  . 

15.2 

7.1 

1.5048 

0.8719 

0 

For  the  production  of  pure  aromatic  hydrocarbons,  free  from  unsaturated  hydrocarbons,  a  catalyst  must 
be  found  which  would  remove  unsaturated  hydrocarbons  without  influencing  aromatic  hydrocarbons. 

Consideration  of  the  chemical  and  catalytic  properties  of  a  number  of  compounds  used  for  removal  of 
unsaturated  hydrocarbons  (ZnCl2,  AICI3,  BF3,  K^PQi,  HF,  etc.)  suggests  that  anhydrous  hydrogen  fluoride  is  the 
most  suitable.  Its  low  boiling  point,  in  conjunction  with  its  chemical  properties,  makes  it  easily  and  com¬ 
pletely  recoverable  by  simple  distillation. 


reactor 


The  apparatus  used  for  purification  of  the  catalyzate  with  hydrogen  fluoride  consisted  of  a  copper  re 
v/ith  a  jacket  for  circulation  of  cold  or  hot  water.  Tlie  reactor  was  equipped  with  a  blade  stirrer  driven  by 
means  of  a  pulley  connected  to  an  electric  motor. 

The  experimental  procedure  was  as  follows.  The  required  amount  of  hydrogen  fluoride  was  introduced 
into  the  reactor  from  a  special  cylinder.  Crude  catalyzate  from  which  unsaturated  hydrocarbons  were  to  be 
removed  was  then  added  through  a  copper  funnel  at  the  top  of  the  reactor.  The  stirrer  was  switched  on.  At 

the  end  of  the  experiment  the  stirrer  was  switched  off 
and  the  reaction  product,  together  with  the  catalyst, 
was  discharged  into  a  copper  flask  through  a  special 
opening  at  the  bottom  of  the  reactor.  The  amount  of 
hydrogen  fluoride  taken  was  10%  on  the  weight  of 
catalyzate  in  all  cases.  The  stirring  was  continued 
for  30  minutes.  The  hydrogen  fluoride  was  separated 
off  by  distillation  out  of  the  copper  flask,  through  a 
small  column.  Most  of  tlie  hydrogen  fluoride  distilled 
at  30-60*,  and  die  hydrogen  fluoride  was  completely 
recovered  by  distillation  up  to  150", 

The  product  was  then  distilled  out  of  the  copper 
flask,  the  fraction  up  to  200 "being  collected  and  de¬ 
signated  as  "uratol."  Tlie  residue  of  the  flask  (•poly¬ 
mers")  did  not  require  washing,  as  it  was  quite  neutral, 
while  the  distillate,  "uratol,"  was  washed  with  water, 
alkali,  and  water  again  to  a  neutral  reaction. 

Figure  3  shows  a  graph  representing  the  fractiona¬ 
tion  of  "uratol*  after  purification  with  hydrogen  fluoride. 
It  is  evident  from  this  graph  and  from  the  data  in  Table 
6  that  "uratol"  contains  very  little  benzene.  Tlie 
physicochemical  constants  of  the  narrow  110-111" 
fraction,  obtained  in  14.7%  yield,  correspond  to  toluene, 
Hie  136-141"  fraction  probably  consists  of  xylenes.  The  150-160"  fraction  can  only  contain  propylbenzenes, 
which  boil  at  152  and  154".  Tlie  predominant  component  in  this  fraction  is  probably  isopropylbenzene,  which 
may  be  formed  by  demethylation  of  cymenes.  The  160-170"  and  170-176"  fractions  are  complex  mixtures  of 
alkyl  benzenes,  which  may  be  expected  to  contain  homologs  of  cymene  and  menthane. 

Since  it  was  impossible  to  analyze  the  individual  fractions  spectroscopically,  while  chemical  metliods 
of  analysis  are  complex  and  inaccurate,  the  contents  of  individual  Benzene  homologs  in  "uratol"  were  not 
detemiined. 


Fig.  3.  Fractional  composition  of  "uratol" 
after  purification  of  the  catalyzate  with 
anhydrous  hydrogen  fluoride. 

A)  Boiling  point  ("C);^)  yields  of  fractions  (%), 


However,  the  foregoing  data  show  fairly  convincingly  that  turpentine  can  be  regarded  as  a  source  of 
toluene  and  higher  benzene  homologs,  which  may  be  used  for  various  purposes,  such  as  high  octane  additives 
for  aviation  gasolines.  The  yield  of  additive  obtainable  from  turpentine  can  be  raised  to  50%,  tire  yield  of 
toluene  to  7%,  and  xylenes  to  16%. 

The  yield  of  crude  toluene  obtained  by  dehydrogenation  of  turpentine  is  approximately  2-2.5  times  the 
yield  obtainable  by  pyrolysis  of  kerosene. 


SUMMARY 

1.  The  results  show  that  terpenes  from  turpentine  can  be  used  as  a  raw  material  for  the  production  of 
high-octane  additives  for  aviation  fuel,  Ihe  additive  has  been  named  "uratol." 

2.  Tlie  maximum  yield  of  low-boiling  aromatics  (up  to  200"),  termed  "uratol,"  obtainable  by  dehydro¬ 
genation  of  turpentine  over  activated  carbon  can  be  raised  to  50%. 

3.  From  the  catalyzate  after  removal  of  olefins,  benzene,  toluene,  and  xylene  were  isolated  in  yields 
of  0.45,  7,1,  and  15.7%  by  weight,  calculated  on  the  raw  material  (turpentine). 
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4,  It  was  found  that  hydrogen  fluoride  is  a  good  catalyst  for  removal  of  unsaturated  compounds  from 
aromatic  hydrocarbons,  by  conversion  of  the  former  into  high-boiling  polymers.  The  catalyst  itself  (HF)  can 
be  completely  recovered. 
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ACTION  OF  METAL  OXIDES  AS  VULCANIZATION  ACTIVATORS 


OF  SODIUM  BUTADIENE  RUBBER 

M.  Feldshtein,  P.  Orlovsky,  and  B.  Dogadkin 
Scientific  Research  Institute  of  the  Tire  Industry 


The  vulcanizing  group  in  rubber  mixes  is  a  complex  system  consisting  of  vulcanizing  agents,  accelerators, 
and  vulcanization  activators.  Activation  of  vulcanization  consists  of  additional  acceleration  of  the  process 
(apart  from  the  effects  of  accelerators)  and  improvement  of  the  technical  properties  of  the  resultant  vulcanizates. 
Until  recently,  the  most  usual  vulcanization  activator  has  been  zinc  oxide.  In  the  opinion  of  some  investigators 
the  activating  action  of  zinc  oxide  depends  in  some  measure  on  the  fact  that  reactions  between  accelerators 
and  metallic  oxides  give  rise  to  salts  [1]  which  are  more  soluble  in  the  rubber  than  the  accelerators  themselves. 
According  to  other  workers,  disulfides  [2]  or  polysulfides  [3]  are  formed  during  vulcanization  in  presence  of 
accelerators  and  metallic  oxides  (especially  zinc  oxide),  and  these  decompose  to  liberate  active  sulfur.  It 
has  also  been  suggested  that  zinc  oxide  exerts  an  oxidizing  action  [4]  on  the  rubber  thiols  formed  at  the  first 
stage  of  vulcanization: 


accelerator 


RH  S®  ■  *  RSH  -f-  S<p_i, 

2RSH  4-  Zn++  ->■  RSZnSR  +  2H+, 

R  SZnSR  +  Sa;  ->  R  SSR  +  ZnS  +  Sa;_i . 


(1) 

(2) 

(3) 


The  oxidizing  action  of  the  activator  may  be  replaced  by  the  analogous  action  of  certain  types  of 
accelerators  when  the  latter  give  rise  to  free  radicals  under  the  heat  conditions  of  vulcanization  [5],  In  parti¬ 
cular,  we  have  shown  that  2-(diethylaminothio)'benzothiazole  (sulfenamide  BT)  can  be  used  for  vulcanization 
of  natural  rubber  in  absence  of  zinc  oxide.  For  example,  with  1.5  parts  by  weight  of  sulfenamide  BT  to  100 
parts  of  natural  rubber,  10  minutes  of  heating  at  143®  gave  a  vulcanizate  of  tensile  strength  260  kg/cm*,  as 
compared  with  224  kg/cm*  for  the  vulcanizate  obtained  in  presence  of  Captax  and  zinc  oxide. 

It  is  reasonable  to  assume  that  the  nature  of  the  action  of  vulcanization  activators  depends  to  a  con¬ 
siderable  extent  on  the  chemical  nature  of  the  rubber  —  on  the  reactivity  of  its  molecular  chains  in  reactions 
of  the  type  described.  Indeed,  repeated  attempts  to  replace  in  the  vulcanization  of  natural  rubber,  zinc  oxide 
by  other  less  scarce  metallic  oxides  have  not  proved  successful.  Since  the  introduction  of  synthetic  rubber, 
for  which  the  role  of  zinc  oxide  as  vulcanization  activator  is  less  pronounced,  there  have  been  reports  [6,  7] 
that  it  is  possible  to  decrease  the  concentration  of  zinc  oxide  considerably  or  even  to  eliminate  it  completely 
from  rubber  compositions.  However,  the  data  available  on  this  subject  are  contradictory,  and  in  consequence 
a  number  of  important  practical  and  theoretical  questions  relating  to  the  use  and  action  of  vulcanization 
activators  have  remained  unsolved.  This  situation  is  probably  the  consequence  of  a  lack  of  adequate  experi¬ 
mental  data  on  the  role  of  tlie  principal  components  of  rubber  mixes  in  activation  of  the  vulcanization  process. 
It  was  therefore  desirable  to  study  the  action  of  various  metallic  oxides  as  vulcanization  activators  in  relation 
to  the  type  of  rubber,  vulcanization  accelerators,  and  active  fillers. 


1 


The  present  communication  is  confined  to  an  account  of  experimental  data  on  the  influence  of  various 
metallic  oxides  (zinc  oxide,  magnesium  oxide,  calcium  oxide,  and  calcium  hydroxide)  on  the  vulcanization 
kinetics  of  sodium  butadiene  rubbers.  Two  types  of  sodium  butadiene  rubber  were  studied:  SKB  polymerized 
by  the  rod  method  (SKB-r)  and  SKB  polymerized  by  the  rodless  (vapor  phase)  method  (SKB-v).  The  mixes 
studied  contained  different  amounts  of  accelerators  and  activators.  However,  they  were  all  based  on  100  parts 
by  weight  of  rubber,  2.0  parts  of  sulfur,  and  2.0  parts  of  stearic  acid.  Stearic  acid  was  not  added  to  mixes 
which  did  not  contain  metallic  oxides.  The  amounts  of  activators  used  were  1.0,  3.0,  and  5.0  parts  by  weight. 


Fig.  1.  Distribution  of  activators  in  sodium  butadiene  rubber.  Contents  of  activators 
(in  parts  by  weight);  ZnO,  a)  1,  b)  5;  Ca(OH)2,  c)  1,  d)  5. 


In  a  number  of  cases  1.0  part  of  activator  gives  a  better  vulcanizing  effect,  as  shown  by  the  mechanical 
properties,  than  5.0  parts  by  weight.  Microscopic  investigations  of  raw  mixes  (Fig.  1)  showed  that  this  type  of 
action  of  activators  is  the  consequence  of  less  effective  distribution  of  the  metallic  oxides  in  mixes  with  in¬ 
creasing  concentration.  This  effect  is  often,  found  for  such  activators  as  calcium  oxide,  calcium  hydroxide,  and 
less  often  for  magnesium  oxide.  Zinc  oxide  is  distributed  better,  and  therefore,  in  most  cases  5  parts  of  it  by 
weight  are  more  effective. 

The  mixes  were  vulcanized  at  143*. 
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The  res\ilts,  plotted  in  Fig,  2,  show  the  effects  of  activators  on  the  course  of  variation  of  the  modulus 
for  mixes  based  on  rod-polymerized  SKB  containing  mercaptobenzothiazole  (Captax).  Zinc  oxide  and  mag¬ 
nesium  oxide  exerted  the  greatest  activating  action.* 

Data  on  variations  of  the  modulus  (Fig.  3)  show  that  in  absence  of  metallic  oxides  the  presence  of  di- 
benzothiazole  disulfide  (Altax)  in  the  mix  gives  a  vulcanization  effect  considerably  greater  than  that  produced 
by  mercaptobenzothiazole  under  the  same  conditions. 
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Fig.  2.  Vulcanization  of  rod-polymerized  sodium 
butadiene  rubber  in  presence  of  Captax  (0.6  part 
by  weight).  A)  Modulus  at  400 *70  elongation  (in 
kg/cm*),  B)  vulcanization  time  (minutes). 
Contents  of  activators  (in  parts  by  weight):  1) 
without  activator,  2)  calcium  oxide,  1,0,  3) 
zinc  oxide  5,0,  4)  magnesium  oxide  5,0, 


Fig.  3,  Vult  .anization  of  rod-polymerized  sodium 
butadiene  rubber  in  presence  of  Altax  (0,8  part  by 
weight).  A)  Modulus  at  400%  elongation  (in  kg/cm*), 
B)  vulcanization  time  (minutes).  Contents  of 
activators  (in  parts  by  weight):  1)  zinc  oxide  5,0, 

2)  magnesium  oxide  5,0,  3)  calcium  oxide  5,0, 

4)  without  activator,  5)  Captax,  zinc  oxide  5,0, 

6)  Captax,  without  activator. 


This  effect  of  dibenzothiazole  disulfide  is  a  consequence  of  the  fact  that  this  accelerator  has  an  inde¬ 
pendent  vulcanizing  (structurizing)  influence  on  rubber  [8],  In  mixtures  containing  Altax,  the  vulcanizing 
effects  of  magnesium  oxide  and  calcium  oxide  approach  that  of  zinc  oxide. 

The  effect  of  2-(diethylaminothio)-benzothiazole  (sulfenamide  BT)  on  vulcanization  of  mixes  based  on 
rod -polymerized  SKB  is  similar  to  the  effect  of  Altax,  both  in  presence  and  in  absence  of  activators. 

In  mixes  with  thiuram,zinc  oxide  is  far  superior  to  the  other  metallic  oxides  as  vulcanization  activator. 

Thus,  vulcanization  of  mixes  based  on  rod-polymerized  SKB  in  presence  of  accelerators  of  different 
classes  is  activated  considerably  in  presence  of  metallic  oxides.  Oxides  of  magnesium  and  calcium  are  practi¬ 
cally  equivalent  to  zinc  oxide  in  their  activating  effects,  except  in  mixes  with  thiuram, 

A  different  situation  is  seen  in  the  vulcanization  of  mixes  based  on  SKB  polymerized  by  the  rodless 
method.  In  such  cases  vulcanization  proceeds  vigorously  in  absence  of  the  usual  activator  —  zinc  oxide. 
Addition  of  the  latter  to  mixes  containing  Captax,  Altax,  or  sulfenamide  BT  retards  vulcanization.  Figure  4 
shows  that  the  modulus  —  vulcanization  time  curve  for  a  mix  containing  zinc  oxide  lies  considerably  below 
the  curve  for  the  mix  without  activators.  Other  metallic  oxides  —  calcium  oxide  and  calcium  hydroxide  —  have 
practically  no  influence  on  the  vulcanization  kinetics,  while  magnesium  oxide  even  shows  a  slight  tendency  to 
increase  the  vulcanization  effect. 


*  Only  the  kinetic  aspects  of  the  process  are  considered  here.  The  effects  of  metallic  oxides  on  the 
technical  properties  of  vulcanizates  will  be  described  in  another  communication. 
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riiese  results  show  that,  in  contrast  to  mixes  based  on  rod-polymerized  SKB,  in  mixes  based  on  tlie  rod¬ 
less  rubber,  zinc  oxide  not  only  does  not  activate  vulcanization,  but  even  decreases  the  vulcanizatioii  effect 
(Fig.  5).  This  is  also  illustrated  by  the  curves  for  variation  of  maximum  swelling. 

It  is  known  that  changes  in  the  nature  of  swelling  give  an  indication  of  structural  changes  in  vulcanizatcs. 
Tlie  equation  proposed  by  Flory  and  Rehner  represents  the  relationship  between  swelling  and  concentration  of 
cross  links  in  the  vulcanizate: 

L  2jy]  J 


where  V  is  the  degree  of  swelling,  defined  as  the  ratio  of  the  volume  of  the  system  to  the  original  volume  of 
the  rubber;  is  the  average  molecular  weight  of  chain  segments  between  cross  links;  d  is  the  density  of 
the  polymer;  Vj  is  the  molar  volume  of  the  solvent;  k  is  a  constant  which  depends  on  the  temperature  and 
the  composition  of  the  components. 
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Fig.  4.  Vulcanization  of  rodless  sodium  butadiene 
rubber  in  presence  of  Captax  (0.6  part  by  weight). 
A)  Modulus  at  400*^0  elongation  (in  kg/cm*),  B) 
vulcanization  time  (minutes).  Contents  of  acti¬ 
vators  (in  parts  by  weight):  1)  without  activator; 
2)  zinc  oxide  5.0,  3)  magnesium  oxide  1.0, 

4)  calcium  hydroxide  1.0. 


Fig.  5.  Vulcanization  of  sodium  butadiene  rubbers 
polymerized  by  the  rod  (SKB-r)  and  rodless  (SKB-v) 
methods,  in  presence  of  Captax.  A)  Modulus  at 
40 O'yn elongation  (in  kg/cm*),  B)  vulcanization 
time  (minutes).  Contents  of  activators  (in  parts 
by  weight):  1)  SKB-r ,  without  activator;  2) 

SKB-r,  zinc  oxide  5,0;  3)  SKB-v,  without  activator; 
4)  SKB-v,  zinc  oxide  5.0, 


Vulcanizates  based  on  rod-polymerized  rubber 
(Fig,  6),  made  without  activators,  have  considerably 
higher  swelling  in  benzene  than  vulcanizates  with 
zinc  oxide.  The  reverse  is  true  of  rodless  rubber  vulcanizates,  which  have  greater  swelling  if  zinc  oxide  is 
present.  This  indicates  that  in  the  latter  case  zinc  oxide  retards  structure  formation.  What  is  the  reason  for 
this  effect  of  zinc  oxide?  The  answer  to  this  question  is  provided  by  data  on  the  kinetics  of  sulfur  addition. 
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The  amount  of  sulfur  which  reacted  with  rubber  was  found  from  the  total  sulfur  content  determined  after  pro¬ 
longed  extraction  of  the  vulcanizates  with  acetone.  The  analytical  data  for  the  bound  sulfur  contents  in  vul- 
canizates  based  on  sodium  butadiene  rubbers  containing  mercaptobenzothiazole  as  accelerator  are  given  in 
Fig.  7.  It  follows  from  Fig.  7  that  in  mixes  with  rod -polymerized  rubber  zinc  oxide  gives  a  higher  rate  of 
sulfur  addition  than  any  other  metallic  oxide  activator.  In  mixes  with  rodless  rubber, zinc  oxide  retards  the 
addition  of  sulfur  to  rubber.  In  such  mixes  the  rate  of  sulfur  addition  is  highest  in  absence  of  metallic  oxides. 


/}  II 


Fig,  6,  Kinetics  of  the  variation  of  the  maximum  swelling  of 
vulcanizates  after  24  hours  of  swelling  in  benzene.  Captax 
accelerator.  A)  Maximum  swelling  B)  vulcanization 
time  (minutes).  I)  Rod-polymerized  SKB,  II)  rodless  SKB, 
Contents  of  activators  (in  parts  by  weight);  1)  zinc  oxide  5,0, 
2)  calcium  oxide  1.0,  3)  magnesium  oxide  1.0,  4)  without 
activator. 


Fig.  7,  Kinetics  of  sulfur  addition,  Captax  accelerator, 

A)  Amount  of  sulfur  added  (in  ^o),  B)  vulcanization  time 
(minutes),  I)  Rod-polymerized  SKB,  11)  rodless  SKB, 
Contents  of  activators  (in  parts  by  weight):  1)  without 
activator,  2)  magnesium  oxide  1,0,  3)  zinc  oxide  5,0, 
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The  presence  of  magnesium  oxide  also  retards  the  binding  of  sulfur  (although  less  so  than  zinc  oxide)J  It 
should  be  noted  in  this  connection  that  the  somewhat  higher  modulus  values  and  the  practically  equivalent 
maximum  swelling  values,  with  a  correspondingly  lower  amount  of  added  sulfur,  found  for  mixes  containing 
magnesium  oxide  as  compared  witlr  a  mix  without  metallic  oxides,  indicate  that  magnesium  oxide  has  an 
influence  not  only  on  the  kinetics  of  sulfur  addition  but  also  on  the  relative  contents  of  sulfur  and  other  types 
of  bonds  between  the  molecular  chains  of  the  vulcanizates. 

We  have  therefore  established  the  extremely  interesting  fact  that  zinc  oxide  has  different  effects  in 
mixes  (unloaded)  of  sodium  butadiene  rubber  polymerized  by  the  rod  and  rodless  methods,  respectively.  In 
rodless  rubber  mixes,  in  presence  of  such  accelerators  asCaptax,  Altax,  and  sulfenamide  BT,  zinc  oxide  re¬ 
tards  vulcanization,  decreasing  sharply  the  rate  of  reaction  of  the  rubber  with  the  vulcanizing  agent  —  sulfur. 
However,  with  accelerators  of  the  thiuram  type  no  such  difference  between  the  effects  of  metallic  oxides  in 
rod-polymerized  and  rodless  rubber  mixes  is  found  —  botii  require  the  use  of  zinc  oxide  as  activator.*  All 
this  shows  tliat  die  groups  of  activators  studied  —  the  thiuram  type,  on  the  one  hand,  and  the  thiazole  and 
sulfenamide  type,  on  the  otiier—  operate  by  different  activation  mechanisms.  The  mechanism  depends  not 
only  on  the  chemical  nature  of  the  accelerator  used,  but  also  on  the  type  of  rubber.  In  the  latter  case,  the 
presence  of  various  impurities  in  the  technical  products  may  be  significant.  It  is  known  that  alkalinity  of  the 
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Fig.  8.  Vulcanization  of  rodless  SKB  (0.22*70  alkali) 
in  presence  of  Captax.  A)  Residual  elongation  (*70), 
B)  modulus  at  400*70  elongation  (kg/cm^),  C) 
vulcanization  time  (minutes),  a)  Modulus,  b) 
residual  elongation.  Contents  of  activators  (in 
parts  by  weight);  1)  without  activator,  2)  zinc 
oxide  5.0,  3)  magnesium  oxide  3.0. 


Fig.  9.  Vulcanization  of  rodless  SKB  (0.22*7o  alkali) 
in  presence  of  Altax.  A)  Residual  elongation  (*7o), 
B)  modulus  at  200*7o elongation  (kg/cm^),  C) 
vulcanization  time  (minutes),  a)  Modulus,  b) 
residual  elongation.  Contents  of  activators  (in 
parts  by  weight);  1)  without  activator,  2)  zinc 
oxide  5.0,  3)  magnesium  oxide  3.0. 


*  Zinc  oxide  is  not  always  needed  in  presence  of  thiuram.  For  example,  we  found  that  in  butadiene  — 
styrene  rubber  mixes  with  thiuram,  calcium  hydroxide  is  a  better  activator  than  zinc  oxide.  However,  we 
are  not  concerned  here  with  the  role  of  activators  in  vulcanization  of  butadiene  —  styrene  rubber.  This 
question  needs  a  separate  investigation. 


rubber  has  a  considerable  influence  on  the  kinetics  of  vulcanization.  The  question  arises  whether  the  anomalous 
action  of  zinc  oxide  in  mixes  containing  rodless  sodium  butadiene  rubber  is  associated  with  the  presence  of 
definite  amounts  of  alkali,  or  whether  this  action  of  zinc  oxide  is  specific  for  this  type  of  rubber  irrespective 
of  its  alkalinity.  To  answer  this  question,  experiments  were  carried  out  with  different  batches  of  SKB  polymerized 
by  the  rodless  method,  differing  considerably  from  each  other  in  alkali  contents.  The  first  batch  contained 
0.22%  alkali,  and  the  second,  0.6%  (calculated  as  sodium  carbonate). 

Tlie  variations  of  the  physicomechanical  properties  of  vulcanizates  based  on  rodless  SKB  containing 
0.22%  alkali  are  plotted  in  Fig.  8.  It  follows  from  the  data  in  Fig.  8  that  vulcanization  is  most  rapid  in  pre¬ 
sence  of  magnesium  oxide.  The  data  on  the  action  of  zinc  oxide  are  contradictory  in  character.  Thus,  vul¬ 
canizates  with  zinc  oxide  have  higher  modulus  and  greater  residual  elongations  than  vulcanizates  obtained 
without  activators.  Hence,  according  to  the  values  of  the  modulus,  zinc  oxide  activates  the  process,  whereas 
according  to  the  residual  elongations  vulcanization  is  retarded. 

In  presence  of  Altax  (Fig.  9)  both  the  modulus  data  and  residual  elongation  data  clearly  indicate  that 
zinc  oxide  retards  the  interaction  of  the  vulcanizing  agent  with  the  rubber. 

Mixes  containing  sulfenamide  BT  (Fig.  10)  show  similar  behavior  to  mixtures  with  Captax  (Fig,  8).  Here 
zinc  oxide  gives  higher  modulus  values  on  the  one  hand,  and  greater  residual  elongations  on  the  other,  than  are 
found  in  mixes  without  activators. 
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Fig.  10.  Vulcanization  of  rodless  SKB  (0,22%  Fig,  11,  Vulcanization  of  rodless  SKB  (0.6%  alkali) 

alkali)  in  presence  of  sulfenamide  BT.  in  presence  of  Captax,  A)  Residual  elongation  (%), 

A)  Residual  elongation  (%),  B)  modulus  at  B)  modulus  at  400%  elongation  (kg/cm*),  C) 

200% elongation  (kg/cm*),  C)  vulcanization  vulcanization  time  (minutes),  a)  Modulus, 

time  (minutes),  a)  Modulus,  b)  residual  b)  residual  elongation.  Contents  of  activators 

elongation.  Contents  of  activators  (in  parts  (in  parts  by  weight):  1)  without  activator,  2) 

by  weight):  1)  without  activator,  2)  zinc  zinc  oxide  5,0,  3)  magnesium  oxide  3,0, 

oxide  5,0,  3)  magnesium  oxide  3,0, 

With  higher  alkali  contents  in  the  rodless  rubber  (0,6%  in  this  instance)  the  retarding  effect  of  zinc  oxide 
on  the  vulcanization  kinetics  is  fairly  prominent.  The  data  in  Fig,  11  indicate  that  both  characteristics  -  lower 
modulus  and  higher  residual  elongation  —  definitely  show  that  zinc  oxide  has  this  effect.  This  is  confirmed  by 
data  on  the  kinetics  of  sulfur  addition  (Fig.  12), 

In  connection  with  these  results  it  was  of  interest  to  determine  what  effect  on  the  action  of  zinc  oxide 
in  mixes  based  on  rodless  rubber  with  a  relatively  low  alkali  content  further  addition  of  alkali  would  have.  The 
alkali  contents  of  the  mix  were  increased  by  additions  of  1,0,  3,0,  and  5,0  parts  by  weight  of  sodium  carbonate. 
It  follows  from  Fig.  13  that  while  in  a  rodless  rubber  mix  of  low  alkali  content  (0,22%)^zinc  oxide  gives  higher 


iiHHlulns  values  than  those  for  a  mix  without  metal  oxides,  after  addition  of  sodium  carbonate  the  vulcaniz.ates 
with  zinc  oxides  have  lower  moduli. .  Thus,  the  effect  produced  by  addition  of  sodium  carbonate  to  mixes  of 
low  alkali  content  is  analogous  to  the  effect  found  in  mixes  based  on  sodium  butadiene  rubber  v/ith  a  high 
alkali  content.  The  retarding  effect  of  zinc  oxide  on  the  vulcanization  kinetics  is  increased  with  increasing 
alkali  content. 


Fig.  12.  Kinetics  of  sulfur  addition  in  the  'ml-  Fig.  13,  Effect  of  sodium  carbonate  on  vulcaniza- 

canization  of  rodless  SKB  (0.6*90  alkali)  in  pre-  tion  of  mixes  based  on  rodless  SKB  (0.22%  alkali), 

sence  of  Captax,  A)  Amount  of  sulfur  reacted  Captax  accelerator.  A)  Modulus  at  400%  elonga- 

(%),  B)  vulcanization  time  (minutes),  tion  (kg/cm*),  B)  vulcanization  time  (minutes). 

Contents  of  activator  (in  parts  by  weight);  Contents  of  activators  (in  parts  by  weight);  1') 

1)  without  activator,  2)  zinc  oxide  5.0.  without  activator;  1)  sodium  carbonate  3.0,  2’) 

zinc  oxide  5.0,  2)  zinc  oxide  5.0,  sodium  car¬ 
bonate  3.0,  3)  magnesium  oxide  5.0,  sodium 

Tliis  behavior  of  zinc  oxide  may  be  ex-  carbonate  3.0. 

plained  as  follows.  In  presence  of  considerable 
amounts  of  alkali,  vulcanization  is  so  rapid  that 

addition  of  zinc  oxide  has  no  practical  influence  on  the  vulcanization  kinetics.  Moreover,  at  vulcanization 
temperature^  reactions  of  zinc  salts  with  vulcanization  accelerators  and  sulfur  lead  to  formation  of  zinc  sulfide 
and  therefore  some  of  the  sulfur  is  lost.  This  loss  results  in  a  decrease  of  the  number  of  direct  interactions 
between  sulfur  and  rubber,  as  compared  with  the  situation  in  absence  of  zinc  oxide.  This  ultimately  leads  to 
retardation  of  the  vulcanization. 

As  a  consequence  of  the  foregoing,  further  investigations  of  the  influence  of  metallic  oxides  on  the 
kinetics  of  formation  of  organically  bound  sulfur  compounds,  and  on  the  processes  of  structure  formation 
occurring  during  vulcanization,  are  desirable. 

The  results  described  In  this  paper  account  for  the  contradictory  information  available  in  the  literature 
on  the  activating  action  of  zinc  oxide  on  sodium  butadiene  rubber,  since  in  different  investigations  polymers 
of  different  alkalinity  were  used, 

SUMMARY 

1.  Differences  have  been  found  in  the  action  of  metallic  oxides  as  vulcanization  activators  for  sodium 
butadiene  rubbers  polymerized  by  the  rod  and  rodless  methods. 

2.  It  was  found  that  unloaded  mixes  based  on  rodless  sodium  butadiene  rubber,  containing  accelerators 

of  the  thiazole  and  sulfenamide  types,  do  not  require  the  addition  of  metallic  oxides  as  vulcanization  activators. 


r<.  It  was  shown  that  addition  of  zinc  oxide  to  mixes  based  on  rodless  rubber  with  high  alkali  contents 
retards  the.  vulcanization  process. 

Wc  express  our  gratitude  to  P.  F.  Badenkov  for  Initiating  this  Investigation, 
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INVESTIGATION  OF  THE  DEHYDROGENATION  OF 
ETHYLTOLUENE  TO  VINYLTOLUENE 

A.  V,  Bondarenko,  M.  I.  Bogdanov,  and  M.  I.  Farberov* 

Tlie  Yaroslav  Technological  Institute 

It  has  been  reported  in  the  literature  that  copolymerization  of  vinyltoluene  with  divinyl  yields  a  rubber 
similar  in  quality  to  divinyl  -  styrene  rubber. 

It  has  also  been  reported  that  vinyltoluene  has  certain  advantages  over  styrene  for  the  production  of 
alkyd  resins  and  unsaturated  polyesters  [1,  2], 

In  our  opinion,  the  only  synthesis  of  vinyltoluene  which  can  be  of  industrial  significance  is  synthesis 
carried  out  by  the  following  two  stages: 

a)  alkylation  of  toluene  with  ethylene  in  presence  of  aluminum  chloride** 


and 


CHn 


CH2--CH2 


AICI3 


CH., 


'GH2CM3 


b)  catalytic  dehydrogenation  of  the  ethyltoluene  to  vinyltoluene 


GH., 

GH.) 

-  iH 

■!^^'GH2GHn 

This  paper  gives  the  results  of  a  study  of  the  dehydrogenation  of  ethyltoluene  to  vinyltoluene,  carried 
out  in  order  to  determine  the  conditions  for  effecting  this  reaction  on  the  technical  scale. 

The  literature  contains  a  number  of  papers  on  dehydrogenation  of  ethylbenzene  [3-7],  isopropylbenzene 
[8,  9],  and  cymene  [10,  11],  No  information  is  available  on  dehydrogenation  of  ethyltoluene  to  vinyltoluene. 


*  A,  Yu,  Bruk  took  part  in  the  experimental  work, 

**  Our  study  of  the  alkylation  of  toluene  with  ethylene  (in  presence  of  AICI3  )  showed  that  mostly  the 
meta  isomer  of  ethyltoluene  (  ~  70  )  is  formed,  with  smaller  amounts  (~  30  %)  of  the  para  isomer. 
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Tlieniiodynaiiilc  calculations  of  the  reaction.  We  calculated  the  equilibrium  constants  for  the  reaction 
of  deliycirogenntion  of  ethyltoluene  to  vinyltoluene  at  various  temperatures  and  witli  various  proportions  of  inert 
diluents.  The  usual  reaction  isotlierm  equation  was  used  for  calculations  of  the  equilibrium  constants. 

'Die  free  energies  of  formation  of  the  reactants  were  taken  from  recent  data  [32]. 

Hie  logarithms  of  the  equilibrium  constants  for  the  dehydrogenation  of  ethyltoluene  to  vinyltoluene  are 
plotted  against  the  reciprocal  absolute  temperature  in  Fig.  1. 

The  equilibrium  compositions  were  calculated  with  the  aid  of  the  reaction  equilibrium  equation  [13] 
in  tlie  following  form; 


4-  +  •  •  •  f-  njf  4*  H-  •  •  •  "in 


(a) 


wliere  is  the  equilibrium  constant  in  terms  of  activities;  Ky  is  a  factor  which  represents  the  deviation  of 
real  gases  from  ideality,  in  this  case  equal  to  unity  (as  the  process  is  carried  out  at  atmospheric  pressure); 
lienee,  here  we  have  =  Kp;  ng,  n^;,  ng,  ng,  ni^  are  the  numbers  of  moles  of  the  starting  substances  (B.  C), 
reaction  products  (R,  S),  and  inert  gas  (in)  at  equilibrium;  An  is  the  difference  of  stoichiometric  coefficients 
between  the  gaseous  reaction  products  and  the  starting  substances;  P  is  the  pressure,  1  atmosphere  in  this 
instance. 

For  a  definite  composition  of  the  initial  mixture,  if  the  conversion  of  ethyltoluene  into  vinyltoluene  is 
represented  by  a  ,  the  equilibrium  composition  can  be  expressed  in  the  following  form; 


Components  of 
reaction 
system 

Molar  composition 

of  initial 

mixture 

at  equili¬ 
brium 

Ethyltoluene 

1 

1  -  ct 

Vinyltoluene 

- 

a 

Hydrogen 

- 

a 

Inert  diluent 

w 

w 

Total 

1  t-  w 

1  r  a  r  w 

Substitution  of  the  molar  contents  of  each  reactant  at  equilibrium  into  Equation  (a)  gives; 

j  ^  (1  +  «  +  i") 


(b) 


Solving  Equation  (b)  for  ot,  we  have; 


2(A:p+i)  •  '' 

Tliis  equation  was  used  for  calculation  of  the  equilibrium  composition  of  the  reaction  mixture  in  de¬ 
hydrogenation  of  ethyltoluene  to  vinyltoluene  at  421-121°  under  atmospheric  pressure,  both  without  diluent 
and  with  dilution  of  the  ethyltoluene  with  an  inert  diluent  in  molar  ratios  of  1;  8-1;  16  (Fig.  2). 

EXPERIMENTAL 

Apparatus  and  method.  The  reaction  vessel  was  a  quartz  tube  22  mm  in  bore  and  1  m  long,  placed  in  a 
vertical  tubular  electric  furnace,  40  ml  of  the  catalyst  was  placed  in  the  uniform -temperature  zone  of  the  furnace. 


976 


A  thermocouple  for  temperature  measurement  was  placed  in  the  center  of  the  catalyst  tube  in  tlie  middle  of 
tlie  layer  of  catalyst.  The  temperature  during  the  reaction  varied  within  ±  2*.  Ethyltoluene  and  water  were 
fed  into  the  contact  furnace  from  burets  through  liquid  flow  meters.  The  gas  from  the  furnace  passed  through 
a  condenser,  the  condensate  being  collected  In  a  flask,  and  entered  a  graduated  gas  holder  through  a  control 
flask.  Before  the  start  and  after  the  end  of  each  experiment  2-3  ml  of  water  was  fed  through  the  system  for 
to  minutes,  to  displace  air  and  the  reaction  gas  respectively. 


h 


Fig.  1.  Logarithm  of  the  equilibrium  constant  as  a  Fig.  2,  Effect  of  inert  diluent  on  conversion  of 

function  of  the  reciprocal  absolute  temperature.  ethyltoluene  into  vinyltoluene,  as  a  function  of 

A)  Logarithm  of  the  equilibrium  constant  (log  Kp),  temperature,  by  thermodynamic  calculation, 

B)  reciprocal  of  the  absolute  temperature  1/T*i0^  A)  Conversion  of  ethyltoluene  (%),  B)  temperature 

(in  “  K),  (in  “  K),  Molar  dilution  with  inert  diluent; 

1)  1:16,  2)  1:12,  3)  1:8,  4)  no  dilution. 

Ethyltoluene,  thoroughly  purified  by  distillation,  with  b,  p.  159-162®  and  n^®  =  1.4970  was  used  for 
the  experiments.  The  standard  catalyst  based  on  zinc  oxide,  as  used  for  dehydrogenation  of  butylene,  was 
used.  After  each  experiment  the  activity  of  the  catalyst  was  checked  by  determination  of  the  refractive  in¬ 
dex  of  the  catalyzate  obtained  under  standard  conditions.  If  the  refractive  index  deviated  from  the  accepted 
constant  value,  the  catalyst  was  regenerated  with  steam  —  air  mixture, 

Tire  volume  feed  rate  was  expressed  in  ml  of  ethyltoluene  passed  per  liter  of  catalyst  per  hour  (ml/liter* 
•hour),  Ethyltoluene  was  diluted  with  steam  in  molar  ratios  1:8,  1: 12,  and  1;  16,  corresponding  to  volume 
ratios  1:1,  1;  1.5,  and  1:2  in  the  liquid  state.  The  yield  of  catalyzate  was  found  from  the  ratio  of  the  weight 
of  catalyzate  after  separation  from  water  (furnace  oil)  to  the  weight  of  ethyltoluene  passed.  The  percentage 
conversion  of  ethyltoluene  was  calculated  from  the  weight  ratio  of  the  ethyltoluene  decomposed  to  ethyl¬ 
toluene  passed. 

Analysis  of  the  catalyzate.  The  vinyltoluene  in  the  catalyzate  was  found  from  the  contents  of  un¬ 
saturated  hydrocarbons  determined  by  the  bromine  number  method.  Concordant  results  were  also  obtained 
by  refractometric  determinations  of  vinyltoluene  (in  wt.  based  on  additivity  of  the  refractive  indices  in 
ethyltoluene  —  vinyltoluene  mixtures  (n^  for  ethyltoluene,  1,4970,  and  for  vinyltoluene,  1,5403),  The 
difference  between  the  total  weight  of  catalyzate  and  the  unsaturated  hydrocarbons  was  taken  to  be  unreacted 
ethyltoluene. 

Tills  simplified  analytical  procedure  was  adopted  in  studies  of  the  effects  of  individual  factors  on  the 
dehydrogenation  of  ethyltoluene  to  vinyltoluene.  In  more  accurate  experiments  (for  determination  of  material 
balance),  the  catalyzate  (after  addition  of  hydroquinone)  was  fractionated  through  a  laboratory  column  (33 
theoretical  plates),  Tlie  110-115“  fraction  was  assumed  to  be  toluene;  in  the  130-150*  fraction  the  unsaturated 
hydrocarbons  were  taken  to  be  styrene,  and  the  saturated  hydrocarbons  were  counted  as  xylene  —  etliylbenzene 
mixture.  The  small  amount  of  side  products  in  this  fraction  (consisting  of  toluene,  xylene,  ethylbenzene,  and 
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styietie,  all  totalling  <  9‘yoof  the  weight  of  tlie  catalyzate)  does  not  significantly  influence  the  results  ob¬ 
tained  by  tlie  simplified  method  of  analysis. 

The  gas  after  catalysis  was  analyzed  in  the  Orsat  apparatus  for  carbon  dioxide,  unsaturated  hydrocarbons 
(by  absorption  in  mercuric  sulfate  solution  in  2()°]o  sulfuric  acid),  and  oxygen.  In  some  experiments  the 
hydrogen  in  saturated  hydrocarbons  was  determined  by  fractional  combustion  over  copper  oxide* 

TABLE  1 

Effects  of  Temperature,  Volume  Feed  Rate,  and  Degree  of  Dilution  on  Dehydrogenation 
of  Ethyltoluene 


CQ  « 

1-4  'w' 

t  . 

E  £ 

0)  3 

H  S 

Volume  feed 

rate  of  ethyl¬ 

toluene  in 
ml/liter  •  hr 

Molar  dilu¬ 
tion  of  ethyl: 
toluene  with 

Steam  " 

Content  of 
vinyltoluene 
in  cataly¬ 
zate  (wt.  %) 

Yield  of  vinyl¬ 
toluene  (molar  °!o) 

A)  CN  M 

M  CO  l-H 

SL  ««  o  *0 

3  3 

U  5s  (U 

Conversion 
of  ethyl¬ 
toluene  i°/o) 

on  ethyl-  i  on  ethyl  - 
toluene  toluene 
passed  1  decomp. 

540 

400 

1 

29.4 

27.2 

85.8 

95.5 

31.7 

560 

400 

38.0 

34.9 

82.5 

93.0 

42.2 

580 

400 

43.3 

38.6 

80.3 

90.5 

48.5 

600 

400 

47.5 

35.3 

58.0 

74.6 

60.6 

560 

200 

^  1  M  ^ 

40.0 

33.1 

71.5 

87.0 

46.5 

560 

400 

38.0 

34.9 

82.5 

93.0 

42.2 

560 

600 

34.5 

31.5 

85.0 

94.5 

37.0 

560 

800 

30.0 

29.5 

87.5 

95.0 

33.7 

560 

400 

1  :  8 

— 

31.8 

82.7 

— 

38.3 

560 

400 

1  :  12 

— 

34.9 

82.5 

— 

42.2 

560 

400 

1  ;  16 

35.3 

89.6 

39.4 

Influence  of  individual  factors  on  dehydrogenation  of  ethyltoluene  to  vinyltoluene*  Tlie  experimental 
results  are  summarized  in  Table  1  (each  result  given  is  the  average  for  2-3  experiments).  In  all  cases  steam 
was  used  as  the  inert  diluent,  as  it  has  a  number  of  important  technical  advantages:  a)  the  dehydrogenation 
products  (catalyzate)  are  easy  to  separate  from  the  aqueous  condensate;  b)  the  process  can  be  carried  out  in 
an  adiabatic  reactor,  which  makes  it  mucli  simpler  to  bring  about  on  the  technological  scale;  c)  interaction 
of  steam  with  the  carbon  deposits  on  the  catalyst  results  in  "autoregeneration"  of  the  catalyst,  with  a  con¬ 
siderable  increase  of  contact  time  before  regeneration  is  required. 


TABLE  2 

Material  Balance  Experiment  on  the  Dehydrogenation  of  Ethyl¬ 
toluene  to  Vinyltoluene.  (Temperature  560*;  volume  feed  rate 
400  ml /liter ‘hour;  molar  dilution  with  steam  1: 12;  57  g  of 
ethyltoluene  passed,  duration  of  experiment  4  hours). 


Reaction  products 

Yield  (molar  %)  on  ethyltoluene 

passed 

decomposed 

Vinyltoluene 

1  ■  • 

33.3 

73.2 

Styrene 

1.7 

3.7 

Toluene 

2,3 

5.1 

Ethylbenzene 

Xylene 

4.2 

9.3 

"Returned"  ethyltoluene 

54.5 

~ 

Carbon  on  catalyst* 

3.15 

6.8 

Losses 

0.85 

1.9 

Total 

100.0 

100.0 

*  "Carbon"  on  tire  catalyst  was  determined  from  the  total  amount 
of  carbon  dioxide  in  the  catalysis  gas  and  regeneration  gas. 
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Tlie  influence  of  temperature  on  dehydrogenation  of  ethyltoluene  was  studied  over  the  540-600®  range, 
at  a  constant  feed  rate  of  400  lul/liter ‘hour,  at  1: 12  (molar)  dilution  with  steam. 

lire  influence  of  volume  feed  rate  was  studied  at  constant  temperature  (560*)  with  steam  dilution  in 
1;  12  ratio  (molar),  for  feed  rates  between  200  and  800  ml/liter ‘hour. 

The  influence  of  dilution  with  steam  was  determined  at  a  constant  feed  rate  of  400  ml/liter ‘hour, 

560®,  for  dilutions  in  die  range  1:8  -  1:16  (molar), 

Tlie  results  show  that  as  the  temperature  is  raised  above  580®  and  the  volume  feed  rate  is  decreased 
below  400  ml/Uter ‘hour,  tlie  yields  of  catalyzate  and  of  vinyltoluene  calculated  on  the  decomposed  ediyl- 
toluene  decrease  considerably;  this  must  be  attributed  to  partial  decomposition  of  the  vinyltoluene  formed. 

As  a  result  of  this  investigation,  the  optimum  conditions  for  dehydrogenation  of  ethyltoluene  to  vinyl¬ 
toluene  were  determined:  temperature  560-580®,  volume  feed  rate  400-800  ml/liter  'hour,  dilution  with 

The  data  in  Table  1  also  show  that  our  yields 
of  vinyltoluene  were  far  from  the  equilibrium  values, 
(Fig,  2)  owing  to  the  relatively  low  activity  of  the 
catalyst.  Dehydrogenation  at  lower  volume  feed 
rates  and  higher  temperatures  is  not  feasible,  as  the 
vinyltoluene  yields  decrease  owing  to  the  instability 
of  vinyltoluene  under  such  conditions. 

Material  balance  experiment.  Results  of  a 
typical  balance  experiment  carried  out  under  the 
optimum  process  conditions  are  given  in  Table  2, 

For  determination  of  the  apparent  activation 
energy,  experiments  were  carried  out  at  low  tem¬ 
peratures  in  order  to  exclude  the  possibility  of  side 
reactions,  Tlie  effect  of  contact  time  on  the  con¬ 
version  of  ethyltoluene  at  460-500®  is  shown  in 
Fig.  3,  The  contact  time  was  calculated  from  the 
equation: 

V  .  273 

3)  460.  , 

R 

where  v^,  is  the  bulk  volume  of  the  catalyst  in  ml,  T  is  the  absolute  temperature  of  the  reaction,  Vg  is  the 
volume  of  vapors  (ethyltoluene  +  water)  entering  the  reaction  zone  in  ml/second. 

The  curves  in  Fig,  3  were  used  to  calculate,  for  constant  conversion  of  ethyltoluene  (6%),  the  apparent 
activation  energy  with  the  aid  of  the  Arrhenius  equation,  by  substitution  of  the  inverse  ratio  of  the  contact 
times  for  the  ratio  of  the  rate  constants  (for  equal  degrees  of  conversion,  K2/K1  =  Ti/ti)'. 


steam  in  1 : 12  -  1 : 16  ratio  (molar). 


Fig,  3.  Conversion  of  ethyltoluene  as  a 
function  of  contact  time  at  different 
temperatures.  A)  Conversion  of  ethyl¬ 
toluene  (‘yo),  B)  contact  time  (seconds). 
Temperature  (in  ®C):  1)  500,  2)  480, 


4.575 logr  •  7’i  •  T., 


The  average  value  of  the  apparent  energy  of  activation  was  32,700  cal/mole. 

Investigation  of  the  thermal  stability  of  ethyltoluene  in  mixtures  with  vinyltoluene  under  the  reaction 
conditions  (temperature  560®,  volume  feed  rate  400  ml/liter ‘hour,  steam  dilution  ratio  1: 12  molar)  showed 
that  these  substances  are  fairly  stable  in  absence  of  catalyst.  For  example,  in  pyrolysis  of  a  mixture  containing 
40,5'ycof  vinyltoluene  the  decomposition  of  tire  hydrocarbons  (determined  by  the  amounts  of  carbon  dioxide  in 
the  gas)  was  2%.  When  the  same  mixture  was  passed  over  the  catalyst  in  the  same  conditions,  the  degree  of 
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decomposition  increased  to  'AA'^k.  VVhen  the  vinyltoliiene  concentration  in  the  mixture  was  increased  to  78%, 
the  decomposition  of  the  hydrocarbons  reactied  28%.  It  follows  that  tlie  catalyst  accelerates  decomposition  of 
the  vinyltoliiene  formed,  probably  by  way  of  polymerization  of  the  latter. 


Identification  of  the  reaction  products.  Because  of  tlie  similar  boiling  points  of  ethyltoluene  and 
vinyltoluene,  laboratory  distillation  through  a  precision  column  with  an  efficiency  of  fiO  theoretical  plates 
(at  22  mm)  only  yielded  a  distillate  containing  ‘.)5%of  vinyltoluene,  with  the  following  constants  b.  p.  74*722 
mm,j|®  0,899,  nf®  1.5403.  Vinyltoluene  readily  polymerizes  on  standing.  Literature  data  are  available 
only  for  2 -vinyltoluene  and  4 -vinyltoluene  [14]  (2- vinyltoluene;  b.  p.  169V752  mm,  55-54V12  mm, 

0.9155,  n^*^  1.5490;  4 -vinyltoluene :  b.  p.  170-175“/7G0  mm.  77-79*/33  mm,  59-60*/l2  mm, 
dl®*^  0.9003,  n"^  1.544  6). 


On  the  basis  of  the  composition  of  tlie  ethyltoluene  used  (70%  of  the  meta  isomer  and  30%  of  tlie  para 
isomer),  we  assume  that  the  isomer  contents  of  the  vinyltoluene  correspond  to  this;  this  is  in  agreement  with 
literature  data  [2]. 


From  tlie  110-115*  fraction  of  tlie  catalyzate,  additional  fractionation  yielded  toluene  boiling  at 
110.0-111*  at  760  mm,  nj^®  1.4955.  Tlie  130-150*  fraction  (mixture  of  ethylbenzene,  xylene,  and  styrene) 
was  additionally  fractionated,  the  133-139*  fraction  being  collected.  Oxidation  of  this  fraction  with  potassium 
permanganate  gave  benzoic  acid  (m.  p.  122*)  and  phthalic  acids  (insoluble  in  chloroform)  in  approximately 
equal  amounts,  confirming  the  presence  of  ethylbenzene  and  xylene  in  tlie  catalyzate. 


SlI  MM  ARY 

1.  Tlie  equilibrium  constants  and  equilibrium  compositions  for  the  dehydrogenation  of  ethyltoluene  to 
vinyltoluene  have  been  calculated  on  the  basis  of  thermodynamic  data,  for  the  427-727*  range,  both  for  the 
undiluted  reactants  and  at  1 ;  8  -  1 ;  16  dilutions  with  an  inert  diluent. 

2.  The  optimum  conditions  for  the  process  have  been  determined  by  studies  of  the  catalytic  dehydro¬ 
genation  of  ethyltoluene  to  vinyltoluene  at  540-600*,  volume  feed  rates  of  200-800  ml/liter ‘hour,  with 
dilution  with  steam  in  1;  8  -  1;  16  ratio  (molar). 
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BRIEF  COMMUNICATIONS 


ALUMINUM  MONUBROMIDE 

S .  A .  S  e  in  e  n  k  e  V  i  c  li 


During  the  past  decade  many  papers  have  been  published  on  the  tliermodynainic  properties  of  aluminum 
monofluoride  and  monochloride  [1], 

The  enthalpies  and  isobaric  potentials,  both  for  formation  from  the  elements  and  for  addition  of  the 
metal  to  the  corresponding  salt  of  normal  valence,  viere  determined  for  these  substances. 

Until  now,  aluminum  monobromide  and  monoiodide  had  not  been  studied  experimentally, 

Tliis  gap  was  filled  to  some  extent  by  the  calculated  data  in  the  book  by  Antipin  et  al.  [2],  calculated 
by  means  of  the  Haber— Born  cycle  for  crystalline  monolialides  of  aluminum, 

A  later  paper  by  Irrmann  [3]  gives  calculated  values  for  the  enthalpies  of  monohalides  in  the  crystalline 
and  vapor  states.  It  is  pointed  out  in  the  paper,  however,  diat  the  data  for  the  vapor  state  are  tentative. 

In  view  of  the  great  importance  of  aluminum  monohalides  in  applied  and  theoretical  chemistry,  a  study 
of  aluminum  monobromide  was  carried  out  and  the  results  are  presented  here. 

The  vapor  pressure  of  aluminum  monobromide  was  measured  by  the  method  developed  by  Gross  [4], 

In  principle,  this  method  is  a  modification  of  the  "dynamic"  method  for  vapor  pressure  determination. 

The  substance  is  placed  in  a  hermetically  closed  vessel  wim  a  small  capillary  orifice  for  escaping  vapor. 

The  components  are  so  chosen  that  two  independent  (univariant)  equilibria  are  established,  the  equili¬ 
brium  constant  for  one  being  known  with  certainty. 

For  Investigation  of  the  equilibrium  partial  pressure  of  monobromide  vapor  we  used  the  reactions 


NaBr^j  j  4-Al^^  j  +  AlRr^,^  ^ 

NaBr^j  j  ^  NaBr^y)  . 

The  vapor  pressure  of  sodium  bromide  has  been  accurately  determined  [5], 

When  a  mixture  of  aluminum  powder  is  heated  with  sodium  bromide,  sodium  and  aluminum  monobromide 
vapors  escape  through  the  capillary  orifice  in  the  vessel,  according  to  Reaction  (1),  together  with  sodium  bromide 
vapor  formed  by  evaporation  as  shown  by  (II), 

The  Na  and  AlBr  vapors  interact  in  die  condenser  at  a  lower  temperature,  so  that  Reaction  (1)  proceeds 
to  the  left  with  formation  of  the  original  substances. 

As  a  result,  the  final  products  in  the  condenser  are  sodium  bromide  and  metallic  aluminum  only;  some 
of  the  sodium  bromide  reaches  the  condenser  by  evaporation. 


(I) 

(II) 
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After  the  amounts  of  aluminum  and  of  sodium  bromide  distilled  over  into  the  condenser  have  been 
determined  by  analysis,  it  is  possible  to  calculate  the  molecular  ratio  of  aluminum  to  sodium  bromide  carried 
over  by  direct  evaporation,  Tlie  product  of  this  ratio  and  the  vapor  pressure  of  sodium  bromide  gives  the 
partial  pressure  of  aluminum  monobromide  vapor. 

Correct  data  for  the  equilibrium  Reaction  (1)  can  only  be  obtained  if  the  reaction 

A1  +  3NaBr  AlBrg  +  3Na 

does  not  occur  to  any  appreciable  extent,  and  if  aluminum  does  not  evaporate. 

It  was  found  experimentally  that  practically  pure  sodium  bromide  is  deposited  in  the  condenser,  with 
mere  traces  of  aluminum  bromide  (0.06‘yo), 

Direct  evaporation  of  aluminum  cannot  influence  the  results,  as  its  vapor  pressure  under  the  experimental 
conditions  is  only  10"^  atm. 

An  advantage  of  this  method  is  tlie  absence  of  any  strongly  hygroscopic  substances  in  the  main  chemical 
reaction. 

The  use  of  reactions  of  the  type  2A1  +  AlBrg  ^  3ABr,  used  previously  for  studies  of  aluminum  mono¬ 
halides,  is  inappropriate  in  the  present  instance  owing  to  the  extremely  hygroscopic  nature  of  aluminum 
bromide,  which  introduces  complications  into  the  experimental  procedure  and  gives  rise  to  errors, 

EXPERIMENTAL 

The  apparatus  used  for  the  equilibrium  studies  is  shown  in  the  figure. 


Apparatus  for  equilibrium  studies. 
Explanation  in  text. 


The  apparatus  consists  of  an  external  tube  1,  made  from  sintered  alumina,  which  holds  vacuum  satis¬ 
factorily  at  high  temperatures,  A  corundum  beaker  3  with  a  ground  stopper  4  of  the  same  material  was  placed 
in  the  tube  on  die  support  2,  The  substance  under  investigation  5  was  placed  in  the  beaker.  Stoppers  with 
2,5  and  2,0  mm  capillaries  were  tested,  A  corundum  tube  6,  which  acted  as  the  condenser,  was  firmly  attached 
to  the  stopper.  The  condenser  tube  was  packed  with  copper  foil  7  for  trapping  the  aluminum  formed  in  the 
reaction  between  sodium  and  aluminum  monobromide  vapors. 

The  reaction  temperature  was  measured  by  means  of  a  platinum— platinum—  rhodium  thermocouple  8, 

A  nickel  tube  9  was  inserted  to  equalize  the  temperature. 

The  outer  tube  was  plugged  with  rubber  bungs  10  and  11,  To  protect  the  bung  from  radiation,  a  shield 
12  was  inserted. 

Very  pure  aluminum  of  AV2  grade  (GOST  3549-47),  containing  99,85%  of  aluminum  (with  iron  and 
silicon  as  the  principal  impurities)  was  used. 
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Sodium  bromide  of  analytical  purity  (GOST  4169-48)  was  recrystallized  twice  and  used  in  this  form 
for  the  experiments. 

To  prevent  fusion  of  die  metallic  aluminum  into  beads,  coarsely  ground  corundum  powder  was  added 
to  the  mixture.  The  amount  of  powder  added  was  SO'^o  of  tlie  weight  of  the  charge.  The  grain  size  of  the 
powder  was  0.5-0,7  mm.  The  weight  of  the  charge  (without  corundum)  was  7-10  g. 

The  experiments  were  performed  as  follows.  The  charged  tube  was  heated  by  means  of  the  heater  13 
(to  300-400“)  and  evacuated  with  the  aid  of  the  vacuum  pump  14  to  remove  absorbed  gases.  The  evacuation 
was  continued  for  2-3  hours. 

The  temperature  was  then  raised  rapidly  to  the  predetermined  value  of  1175"  K,  and  the  thermo¬ 
regulator  was  connected. 

After  4-5  hours  at  the  experimental  temperature,  the  corundum  tube  was  pushed  out  of  the  hot  zone  and 
cooled  by  a  blast  of  air  from  a  fan,  Tlie  cooling  was  performed  under  reduced  pressure  in  the  tube. 

After  the  cooling,  the  cylinder  containing  the  charge  was  taken  out.  The  condenser  tube  was  removed 
together  with  the  foil  and  immersed  in  warm  water  to  dissolve  sodium  bromide. 

The  sodium  bromide  in  tlie  solution  was  determined  by  analysis. 

The  washed  foil  was  dissolved  in  nitric  acid  and  the  solution,  after  dilution,  was  electrolyzed  to  extract 
copper.  The  aluminum  remaining  in  solution  was  precipitated  with  ammonia,  filtered  off,  dried,  heated,  and 
weighed  as  alumina, 

Tlie  experimental  results  are  given  in  the  table. 


Results  of  Equilibrium  Studies,  Average  Molar  Ratio  Al/NaBr»10*  =  1,375. 


Duration 
of  expt, 

(hours) 

Amt,  of  A1 
in conden¬ 
sate,  in  mg, 
by  analysis 

Total 

NaBr  in 
condensate 
(g) 

Amt,  of  NaBr  (in  g) 
obtained  by 

Weight 

ratio 

Al/NaBr*  -103 

Reaction  | 
(.)  i 

evaporation 

1 

4 

16.0 

5.234 

0.633 

4.601 

3.482 

4  ‘ 

'  17.1 

5.659 

0.677 

4.982 

3.434 

4 

17.0 

5.693 

0.673 

5.020 

3.391 

3.5 

15.6 

5.059 

0.618 

4.441 

3.512 

5 

19.8 

6.514 

0.784 

5.730 

3.450 

5 

21.8 

7.004 

0.862 

6.142 

3.551 

Mean 

3.470 

•  Moles  of  sodium  bromide  entering  the  condenser  by  evaporation. 

The  vapor  pressure  of  sodium  bromide  at  1175“  K  is 
bromide  was  found  by  means  of  the  interpolation  equation 

PAlBr  =  1.375  •  10  ■*•6.12  *10"®  =  0.8415  *10’'*  atm. 

^p  “  ^(AlBr)  =0.'108.10"®  and  log  Kp  =  -8.15. 

The  isobaric- isothermal  potential  for  Reaction  (I)  was  found  to  be  43,76  kcal.  from  the  expression 


6,12*10"®  atm,  (The  vapor  pressure  of  sodium 
log  P  =  — +  8.14,  based  on  Ruff’s  data  [5], 

For  Reaction  (I)  P^^a)  "  ^(AlBr)  therefore 


A(D°=  —RT  In  A’p. 
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The  enthalpy  change  in  Reaction  (I)  at  1175"  was  found  from  the  equation 

A/y  =  ^<I)  -I  A6’7’. 

The  entropy  changes  of  the  substances  involved  in  Reaction  (I)  were  calculated  from  data  given  by 
Britske  and  Kapustinsky  [6],  and  Brewer  et  al.  [7]. 

Data  on  die  entropy  change  of  aluminum  monobromide  are  not  available  in  the  above  sources,  and  die 
entropy  change  was  calculated  from  its  average  specific  heat. 

The  specific  heat  of  aluminum  monobromide  was  calculated  by  the  methods  of  quantum  mechanics, 
with  the  use  of  Miescher's  [8]  value  of  378  cm"^  for  the  wave  number. 

The  average  specific  heat  of  aluminum  monobromide  in  the  298-1175*  range  was  found  to  be  8,80 
cal/g ,  and  the  entropy  change  for  the  same  range,  12.0  cal/g. 

The  entropy  change  for  Reaction  (1)  was  found  to  be  49,64  cal/g.  Tlie  calculation  of  enthalpy  for 
Reaction  (1)  is  given  below. 

IH  (j)  =  43.76  —  49.64  •  1 1 75/1000=102.0  kcal. 

From  the  equation  for  Reaction  (I),  the  enthalpy  for  the  reaction 

(Z  )+  ( g  )  ^  AlBr 

was  calculated;  this  was  the  object  of  the  present  investigation. 

The  enthalpy  change  for  the  formation  of  aluminum  monobromide  was  calculated  from  the  equation 

The  enthalpy  of  formation  of  sodium  bromide  at  1175*  K  is  -  106.1  kcal.  [7],  Therefore  at 

1175*  K  =  -4.1  kcal. 

The  enthalpy  of  formation  of  the  monobromide  from  the  elements  at  298*  K  was  calculated  from  the 
equation 

^^^(298)  =  (s)  ■“  (^^products  “  Reactants)* 

The  enthalpy  of  formation  of  the  monobromide  by  the  reaction 

A^(s)+V2Br2  (g)  ^±AlBr  (gj 

at  298.1*  K  is  1.1  kcal. 

This  value  for  is  very  close  to  the  value  published  in  "Selected  Values'*  [9].  However,  it 

differs  considerably  from  the  values  found  by  Antipin  et  al.  and  by  Irrmann  [3]. 

This  is  illustrated  by  the  following  data; 


Our  data 

Selected 
values  [9] 

Antipin  et  al. 
[2] 

Irrmann 

[3] 

^H(AlBr) 

at  298.1*  K  (in  kcal.) 

1.1 

1.8 

21 

12 
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The  discrepancy  between  our  value  and  the  calculated  values  is  probably  the  consequence  of  the  con¬ 
siderable  proportion  of  nonionic  bonds  in  the  molecule  of  aluminum  monobromide.  This  is  in  agreement 
with  the  great  deformability  of  the  electron  shell  of  the  bromine  atom.  We  do  not  know  to  what  degree  of 
accuracy  the  enthalpy  value  given  in  "Selected  Values"  was  calculated.  It  is  tlierefore  impossible  to  estimate 
how  significant  is  its  similarity  to  our  value. 


SUMMARY 

The  partial  pressure  of  aluminum  monobromide  vapor  in  the  reaction  Al^^j  +  NaBr^^j  ^  Na^gj+ AlBr^gj. 

Tlie  value  found  for  the  vapor  pressure  of  aluminum  monobromide,  known  thermodynamic  data,  and  the 
specific  heat  of  AlBr  calculated  from  spectroscopic  data,  were  used  to  calculate  its  enthalpy  of  formation  in 

the  reaction  Alj  +  -^  Br2  (g)  ^  AlBr^gj, 

At  298.1*  K  AH  (^IBr)  found  to  be  1.1  kcal. 

I  offer  my  deep  gratitude  to  Corresponding  Member,  AN  SSSR,  P.  F.  Antipin  for  scrutiny  of  the  manu¬ 
script  and  valuable  comments, 
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INVESTIGATION  OF  THE  S  TRUC  TIJ  llE  OF  POROUS  CERAMICS 


A  .  S .  B  e  r  k  in  a  n 


In  recent  years  porous  ceramic  materials  have  been  increasingly  widely  used  in  many  branches  of 
chemical  industry,  Tliey  are  used  as  filters  for  mechanical  purification  of  various  liquids  and  gases,  for 
diaphragms  in  electrolytic  processes  and  electroplating  technology,  for  bubbling  of  liquids  and  gases,  in  plates 
for  aeration  and  conveying  of  powders,  for  equipment  used  for  high-temperature  reactions  in  fluidized  beds, 
etc. 

When  porous  ceramics  are  used  as  filters  for  mechanical  purification  of  fluids,  separation  of  precipitates, 
and  production  of  sterile  filtrates,  the  maximum  pore  size  of  the  material  is  of  decisive  importance.  The 
pores  should  not  be  larger  than  tlie  particles  of  tlie  precipitates  or,  in  bacteriological  filters,  the  bacteria. 

Tlierefore  when  filters  were  developed  and  tested  only  the  maximum  pore  sizes  were  usually  deter¬ 
mined.  For  such  determinations,  air  was  forced  through  the  specimens  previously  impregnated  with  the  liquid, 
and  the  pore  size  was  calculated  from  the  equation 


(1) 


where  D  is  the  pore  diameter  (in  cm),  a  is  the  surface  tension  of  the  liquid  (in  dynes/cm),  £  is  the  accelera¬ 
tion  due  to  gravity  (in  cm/sec*),  d  is  the  density  of  the  liquid  (in  g/cc),  and  h  is  the  height  of  the  liquid 
column  (in  cm).  This  equation  was  derived  for  liquids  which  wet  the  surface  completely  (cos  0  =  i). 

If  the  pore  diameter  is  calculated  in  p,  and  the  air  pressure  is  measured  by  means  of  a  mercury  mano¬ 
meter,  Equation  (1)  becomes 


4a  .  10* 

=981  •  13.6  •  h 


(2) 


or,  in  simplified  form 


(3) 


The  pressure  is  gradually  increased  during  the  experiment.  The  first  appearance  of  air  bubbles  over  the 
specimen  covered  witli  liquid  indicates  that  the  largest  pores  have  been  opened  at  tlie  given  pressure, 

Tlie  cross  section  of  a  capillary  in  a  porous  body  is  always  variable  along  its  length.  The  above  method 
gives  the  minimum  cross  sections  of  the  capillaries  or,  more  accurately,  the  diameter  of  the  widest  region 
among  the  narrowest  regions  of  all  the  capillaries  in  the  specimen. 

The  single  maximum  pore  diameter  in  no  way  represents  the  structure  of  the  material  and,  in  particular, 
it  does  not  determine  its  penneability  (filtration  rate),  which  depends' on  tlie  numbers  of  pores  of  different  sizes 
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in  the  material  or,  in  other  words,  on  the  pore  size  distribution  in  the  material.  If  the  total  amount  of  fluid 
or  tlie  pernreability  of  the  ptuous  material  are  known,  it  is  possible  (for  a  given  porosity)  to  evaluate  the 
structure  in  terms  of  the  effective  pore  size  or  of  the  number  of  such  pores  per  unit  area  of  the  specimen. 

These  relationships  are  expressed  by  Equations  (4)  and  (5); 


(4) 


/!2 

7  =  82.2  , 


(5) 


where  y  is  the  air  permeability  coefficient,  with  the  dimensions 


m  •  cm 


,  A  is  the 


rn  ‘hour  •mm  HjO  column 

open  porosity  of  the  specimen  (in  "/o),  0  is  the  average  effective  pore  diameter  (in  p),  N  is  the  number  of 
pores  with  the  average  effective  diameter  (per  cm*), 

Tliese  equations  were  derived  on  the  assumption  (usually  made  in  calculations  of  effective  pore  diameters) 
that  the  capillaries  are  all  of  circular  section  with  uniform  diameter.  The  second  assumption  is  that  the 
capillaries  are  parallel  to  each  other  and  perpendicular  to  the  surface  of  the  specimen. 

From  Formulas  (4)  and  (Ft)  we  obtain  Forn)ulas  (6)  and  (7)  for  calculation  of  the  average  effective  pore 
diameter  and  the  number  per  1  cm*: 


D,=  124.47(J-)', 


N  =  82,2  -  . 


(6) 

(7) 


As  already  stated,  the  size  of  the  largest  pores  does  not  determine  the  permeability  of  the  material. 
Specimens  with  maximum  pores  of  equal  size  may  differ  considerably  in  their  permeability  to  air,  just  as  the 
average  effective  pore  sizes  and  their  numbers  per  unit  area  may  differ. 

This  can  be  illustrated  by  an  example.  Two  specimens  made  from  clay  “  grog  bodies  had  maximum 
pores  of  the  same  diameter,  11  p.  The  porosity  of  Specimen  1  was  20,3  %  and  of  Specimen  2,  28.7  %. 

The  air  permeability  coefficients  differed  sharply,  being  0,058  for  Specimen  1  and  0.222  for  Specimen  2, 

Both  specimens  were  made  from  bodies  containing  lO^o  grog  and  30‘yf'clay.  Body  1  was  based  on  Novo- 
Shveitsarsk  clay,  and  Body  2,  on  Latnaya  clay.  Tliey  also  differed  in  the  grain  composition  of  the  grog  used. 
Tire  grog  in  Body  1  consisted  of  grains  of  three  fractions;  was  0.175  mm  grains,  66.6'7o  was  0,135  mm 

grains,  and  16,7*7''  was  0.104  mm  grains,  while  the  grog  in  Body  2  was  of  uniform  particle  size,  consisting  en¬ 
tirely  of  grains  of  average  size  0.135  mm. 

As  was  to  be  expected  from  the  air  permeability  coefficients,  the  average  effective  pore  diameter  for 
Specimen  2  was  nearly  double  that  of  Specimen  1:  the  values  were  10.04  p  and  6.65  p  respectively.  The 
numbers  of  pores  per  cm*  were  305  •  10*  and  584  *10*,  respectively.  It  seems  remarkable  at  first  sight  that  tlie 
average  effective  pore  size  in  Specimen  No.  2  reaches  tlie  value  of  the  maximum  pore  size  for  the  same  speci¬ 
men.  This  apparent  inconsistency  is  explained  if  it  is  remembered  that  the  maximum  pore  size  was  determined 
by  forcing  air  through  the  specimen  impregnated  with  liquid. 

Tliese  results  suggest  that  the  specimens  differ  substantially  in  structure,  namely:  smaller  pores  pre¬ 
dominate  in  Specimen  No.  1,  while  in  Specimen  No.  2  most  of  the  pores  are  larger. 

This  question  can  be  clarified  by  investigations  of  the  structure  of  the  materials,  by  means  of  pore 
volume  distribution  curves. 


The  most  convenient  method  for  determination  of  the  structure  of  porous  ceramics  is  the  mercury- pressure 
method  widely  \ised  for  studying  structures  of  adsorbents  and  other  finely  divided  and  porous  bodies  [1], 

As  is  known,  only  pores  less  than  lb  m  in  diameter  can  be  determined  by  the  mercury  method  with  the 
existing  porosimeters,  as  the  dilatometer  of  the  instrument  is  filled  at  atmospheric  pressure  and  all  the  pores 
larger  tlian  this  become  filled  witli  mercury  before  the  start  of  the  determination  [1,  2,  3],  For  this  reason  tlie 
existing  methods  do  not  provide  a  complete  characteri/ation  of  the  structure  of  porous  ceramic  materials  with 
larger  pores,  whicli  play  the  decisive  role  in  the  permeability  of  such  materials. 


Fig.  1.  Instrument  for  determination  of  pore  size.  Tubes; 
I )  to  air,  II)  to  compressor,  III)  to  vacuum  pump,  IV) 
to  U-tube  manometer,  V)  to  McLeod  gage,  VI)  to  air, 
VII)  to  vacuum  pump.  The  remaining  designations  are 
explained  in  the  text. 


We  developed  and  used  the  following  method  for  determination  of  the  volumes  of  large  pores.  The 
porosimeter  is  an  instrument  so  designed  that  large  pores  can  be  determined,  between  2-4  mm  and  5-8  ^  in 


diameter,  I’lie  main  part  of  the  instrument  (iMg.  1)  is  a  glass  dilatometer  operating  on  the  communicating- 
vessel  principle.  ('>ne  of  tlie  vessels  is  the  capillary  1,  and  the  other  the  tube  2.  with  a  wide  top  3,  closed  by 
means  of  the  ground  glass  stopixjr  4. 

The  specimen  5,  dried  to  constant  weiglit,  is  placed  in  tlie  wide  top  of  tlie  dilatometer,  and  air  is  then 
pumped  out  of  the  system  with  the  cocks  G,  1,  H,  and  h  open.  When  a  residual  pressure  of  10 mm,  as  sliown 
by  a  McLeod  gage,  is  reached,  the  system  is  disconnected  from  the  vacuum  pump  by  means  of  the  stopcock  8. 
Hie  stopcock  10  is  then  gradually  opened  and  mercury  is  admitted  into  the  system  from  the  glass  vessel  11, 
provided  with  a  metallic  seal  with  a  ground  cone  12. 

After  the  dilatometer  has  been  filled  with  mercury,  the  cock  0  is  closed  and  the  pressure  exerted  on  the 
speciinen  by  the  mercury  is  read  off.  This  pressure  is  found  from  tlie  difference  of  the  mercury  levels  in  the 
capillary  and  the  wide  part  of  the  dilatometer  and  the  height  of  the  layer  of  mercury  over  the  specimen. 

Tlie  size  of  the  pores  filled  with  mercury  at  this  pressure  is  calculated  from  Formula  (8) 

— —  /j  .  (^) 


where  o  is  the  surface  tension  of  mercury  (in  dynes/cm),  0  is  tlie  contact  angle,  and  h  is  the  pressure  (in 
cm  llg). 

As  the  dilatometer  consists  of  communicating  vessels,  when  it  is  being  filled  with  mercury  a  low  pressure 
(close  to  zero)  of  3-5  mni  Hg  is  exerted  on  the  specimen;  this  corresponds  to  pores  2-4  mm  in  diameter. 

When  the  minimum  pressure  has  been  determined,  Rq  (initial  resistance)  of  a  platinum  wire  13  in  the 
dilatometer,  connected  to  a  direct-current  bridge  through  the  leads  14  sealed  in  the  glass,  is  measured.  With 
the  vacuum  pump  running,  air  is  then  admitted  through  the  cock  15  with  cock  16  open,  and  in  the  part  of  the 
system  which  is  isolated  from  the  porosimeter  proper  by  the  stopcock  8  a  predetermined  pressure  is  set  up, 
measured  by  means  of  a  U-tube  manometer.  Tlie  cock  8  is  then  opened  and  the  same  pressure  is  established 
in  the  dilatometer, 

Tlie  mercury  level  in  the  dilatometer  capillary  drops  as  the  mercury  enters  the  pores  of  the  specimen. 

Tlie  wire  in  the  dilatometer  becomes  partially  exposed,  and  R^  is  measured.  If  the  dilatometer  constant  is 
known,  it  is  easy  to  calculate  the  volume  of  mercury  which  entered  the  pores  at  the  given  pressure. 

The  pressure  in  the  porosimeter  is  consecutively  increased  up  to  atmospheric,  with  corresponding  readings 
being  taken  of  the  increasing  resistance  of  the  wire, 

Tliis  instrument  can  also  be  used  for  determinations  at  pressures  above  atmospheric  (for  pores  smaller 
than  15  g),  up  to  2-3  atmospheres,  corresponding  to  pores  5-8  p  in  diameter. 

For  such  determinations  the  vacuum  pump  is  disconnected  when  the  atmospheric  pressure  is  reached, 
and  compressed  air  is  fed  into  the  system  from  a  compressor.  The  amount  of  air  entering  the  system  is  ad¬ 
justed  by  means  of  the  stopcock  16, 

Tlie  procedure  for  feeding  air  into  the  system  and  taking  the  resistance  readings  is  die  same  as  before. 

When  the  determinations  have  been  completed  the  mercury  is  returned  from  the  system  into  the  evacuated 
vessel  11.  Mercury  is  withdravm  from  the  system  through  the  stopcock  17,  The  specimen  is  taken  out  and 
weighed. 

As  the  initial  weight  of  the  specimen  and  the  amount  of  mercury  forced  into  it,  as  determined  by  means 
of  the  porosimeter,  are  known,  it  is  easy  to  find  by  difference  the  volume  of  mercury  contained  in  the  pores 
of  the  specimen  at  the  start  of  the  determinations  or,  more  precisely,  when  the  first  resistance  reading  was 
taken  (pores  larger  than  2-4  mm  in  diameter), 

Tlie  results  can  be  used  to  plot  distribution  curves  for  poie  volumes  corresponding  to  different  pore  dia¬ 
meters,  from  the  largest,  2-4  mm  in  diameter,  down  to  5-8  p  . 

For  porous  ceramics,  in  which  most  of  the  [xues  are  larger  than  the  lower  limit  given  above,  the  use  of 
our  instrument  is  sufficient  in  most  cases. 


If  it  is  required  to  investigate  smaller  pores,  this  can  be  done  by  means  of  porosimeters  of  known  design, 
intended  for  use  at  high  pressures,  Tlie  porosimeter  designed  and  constructed  in  the  Lensoviet  Technological 
Institute,  Leningrad  [4],  is  used  by  us  for  this  purpose. 


A 


0.1576  1576  15.76  1516  1576  D 

Fig,  2.  Differential  pore  volume  —  log  pore  diameter  distribution 

curves.  A)  -77^  -10*;  B)  D.  p;  C)  logD(D,  A); 
d  log  D 

D)  P  (kg/cm*).  1)  Specimen  1;  2)  Specimen  2, 


With  high-pressure  porosimeters  the  first  reading  can  be  taken  at  a  pressure  of  1.2-1.3  atm.,  whereby 
pores  not  larger  than  12-13  p  in  diameter  can  be  determined. 

Figure  2  shows  our  combined  differential  curves,  which  represent  the  pore  volume  distributions  in  the  two 
porous  ceramic  specimens  Nos,  1  and  2  over  a  very  wide  range. 

These  curves  clearly  reveal  the  difference  in  structure  between  the  two  specimens,  and  it  becomes  clear 
why,  with  equal  sizes  of  the  so-called  maximum  pores,  they  differ  considerably  in  their  coefficients  of  air 
permeability. 
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SUMMARY 


1,  The  maximum  pore  dimensions  do  not  characterize  the  structure  of  porous  bodies,  and  do  not  de¬ 
termine  their  properties,  including  permeability, 

2,  A  porous  material  can  be  definitely  assessed  by  calculation  of  the  average  effective  pore  size  and 
the  number  of  pores  per  unit  area,  for  a  given  degree  of  porosity.  However,  these  values  are  not  sufficient 

for  complete  characterization  of  the  structure  and  explanation  of  the  consequent  properties  of  porous  ceramics, 

3,  A  convenient  method  for  characterization  of  the  structure  of  porous  ceramics  is  by  means  of  pore 
volume  distribution  curves,  determined  by  the  mercury-pressure  method, 

4,  For  investigations  of  coarsely  porous  ceramic  materials,  a  simple  instrument  and  a  method  are  de¬ 
scribed  for  determination  of  pore  volume  distributions  by  tlie  mercury-pressure  method  at  pressures  below 

1  atmosphere.  Finer  pores  are  then  determined  at  high  pressures  with  the  aid  of  porosimeters  of  conventional 
design. 

The  distribution  curves  so  obtained,  covering  a  wide  range  of  pore  diameters  from  several  millimeters 
down  to  tens  of  angstroms,  provide  a  complete  picture  of  the  structure  of  porous  ceramic  materials, 
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METHOD  FOR  CALCULATION  OF  THE  CRYSTALLIZATION  REGION  OF 
SODIUM  CHLORIDE  IN  THE  QUATERNARY  SYSTEM 
CaCIj  -  MgCIj  -  NaCl  -  HjO 


V.  Ya,  Rudin  and  N.  L.  Yarym-Agaev 
Tlie  N.  S,  Khrushchev  Industrial  Institute  of  the  Donets 


The  quaternary  system  CaCl2— MgCl2— NaCl-H20  in  the  main  conforms  to  the  crystallization  laws  for 
brines  in  lakes  of  the  calcium  chloride  type  [1],  However,  complete  investigation  of  this  system  over  a  wide 
temperature  range  involves  very  laborious  experiments,  and  such  investigations  have  not  been  carried  out  fully 
hitherto.  The  main  efforts  in  such  studies  should  be  directed  toward  determination  of  the  crystallization  region 
of  sodium  chloride,  which  is  considerably  greater  than  the  crystallization  regions  of  other  salts  in  isothermal 
sections  of  the  phase  diagram.* 

This  paper  presents  a  calculation  method  for  determination  of  salt  concentrations  in  the  quaternary 
system  in  saturated  sodium  chloride  solutions,  based  on  data  for  the  solubility  of  sodium  chloride  in  the  ternary 
systems  CaCl— NaCl— H2O  and  MgCl2— NaCl-H20,  which  have  been  studied  in  considerable  detail. 

The  calculation  method  was  based  on  the  following  considerations,  confirmed  by  experimental  data  [2], 

The  solubility  of  sodium  chloride,  expressed  in  weight  percentages,  is,  within  the  limits  of  experimental 
error,  determined  only  by  the  total  concentrations  of  calcium  and  magnesium  chlorides  and  is  independent  of 
the  relative  proportions  of  these  salts.  Here  the  concentrations  of  the  salts  should  be  expressed  in  terms  of 
moles  per  100  g  of  solution. 

Thus,  we  have 

^CaCl,  ~  ^MgCl,  ~  CaCU,  Mg(3l, 


where  is  the  number  of  moles  of  calcium  chloride  in  100  g  of  liquid  phase  in  the  system  CaCl2— 

-NaCl— H2O  corresponding  to  a  definite  solubility  of  sodium  chloride  (in  wt.  %);  is  the  number  of 

moles  of  magnesium  chloride  in  100  g  of  liquid  phase  in  the  system  MgCl2-NaCl-H20  for  the  same  solubility 
of  sodium  chloride;  MgCl2  numbers  of  moles  of  calcium  and  magnesium  chlorides 

in  100  g  of  liquid  phase  in  the  system  CaCl2— MgC^— NaCl— H2O  for  the  same  solubility  of  sodium  chloride. 

This  is  confirmed  by  experimental  data  obtained  at  25*,  contained  in  the  table.  Analogous  results  are 
obtained  at  other  temperatures.  The  data  in  the  2nd  and  3rd  columns  were  obtained  by  graphical  interpolation 
of  tabular  data  for  25"  [2];  the  values  in  the  4th,  5th,  and  6th  columns  were  obtained  by  interpolation  of  the 
results  of  polythermal  investigations  to  25*  [3],  and  graphical  interpretation  of  the  isotherms;  k:l  is  the  ratio 
of  calcium  chloride  to  magnesium  chloride  by  weight. 

*  For  example,  at  25*  only  sodium  chloride  crystallizes  from  solutions  containing  35.6  wt.  °lc  of  CaCl2  and 
MgCl2  and  0.6  wt.  %  of  NaCl  [2]. 
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One  unit  in  the  third  decimal  place  represents  about  0,1  wt.  ‘Voof  calcium  and  magnesium  chlorides  in 
the  solution. 

Tlie  differences  between  the  values  in  each  horizontal  line  of  the  table  lie  within  the  limits  of  experi¬ 
mental  error.  Tlierefore  in  calculations  of  the  solubility  of  sodium  chloride, use  should  be  made  of  experi¬ 
mental  data  for  the  two  ternary  systems,  the  most  probable  value  of  the  calcium  or  magnesium  chloride  con¬ 
centration  being  taken  to  be  the  average  of  these  concentrations, 

^  ^CaCh  +  ^MgCl, 

Oav  = - 2 - •  (2) 


The  foregoing  may  be  interpreted  graphically  as  follows:  the  solubility  of  sodium  chloride  (in  wt.  %) 
as  a  function  of  CcaCl2,  ^  MgClg.  and  of  C  £CaCl2,  MgClj  is  represented  by  the  same  isotherm.  This 
isotherm  completely  characterizes  the  crystallization  area  of  sodium  chloride  for  solutions  containing  calcium 
chloride  and  magnesium  chloride  in  any  proportions.  A  number  of  such  isotherms  for  different  temperatures 
forms  a  surface  in  the  chosen  coordinate  system,  and  this  surface  represents  the  crystallization  volume  of 
sodium  chloride  for  other  methods  of  expressing  the  composition. 

The  concentrations  of  the  salts  in  the  quaternary  system  for  solutions  saturated  with  respect  to  sodium 
chloride  are  calculated  from  the  experimental  data  for  the  corresponding  ternary  systems  as  follows ;  the 
number  of  moles  of  calcium  chloride  or  of  magnesium  chloride  in  100  g  of  solution  in  the 

corresponding  ternary  system  for  the  given  solubility  of  sodium  chloride  is  first  calculated. 

The  value  of  is  found  from  experimental  data  for  the  two  ternary  systems. 

According  to  the  literature  [1],  these  numbers  of  moles  are  equal  to  the  sum  of  the  numbers  of  moles  of 
calcium  and  magnesium  chlorides  in  the  quaternary  system  for  any  relative  proportions  of  these  salts,  for  the 
same  solubility  of  sodium  chloride  as  in  the  ternary  system.  With  a  given  weight  ratio  of  calcium  chloride  to 
magnesium  chloride  k :  i  ,  the  weight  percentages  of  these  salts  can  be  determined  as  follows. 

If  we  represent  the  weight  percentage  of  CaCl2  in  the  solution  by  nCaCl2»  MgCl2  by 

we  can  write 


^^CaClt  _  ^ 
"MgCl,  ^ 


Tlie  numbers  of  moles  of  CaCl2  and  MgCl2  in  100  g  of  solution  are 


"CaClg 

MCaClz 


and 


’^aCl2  ^MgCl2  molecular  weights  of  calcium  and  magnesium  chlorides, 

number  of  moles  of  the  two  salts  in  100  g  of  solution,  we  have 


"MgClz 

MMgClg 


where 


Since  C  is  the 


"CaCl,  ■  '^MgCU 
^CaCl,  ^MgCl,  * 


(4) 


Solving  Equations  (3)  and  (4)  simultaneously  for  ncaCl2»  "MgCl2 
+  *^MgCl2' 


“ECaClg.  MgClj  =  "CaClj  + 


*CaCl, 


_  -^CaCl,  •  ^MgCl,  _ 


111 


kM 


MgCl, 


-1-/M 


CaClj 


'MgCl 


^^CaCl,  '  -^MgClj 


kM 

CaCl 


MgCl,+  ^-^CaCl, 
Mn.r'i  .  AfMgCl 


IC-. 


-1-1.165/ 

111 

fc-f  1.165/ 


kC 


IC 


111 


"£CaCl„MgCl,—  kM^  ^^  +  /t  4-1.165/  + 


(5) 

(6) 

(7) 
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Formulas  (5)  and  (6)  may  also  be  used  for  calculations  of  the  salt  concentrations  in  ternary  systems; 
here  in  Formula  (5)  k  =  1  and  I  =0,  and  in  Formula  (6)  k  =  0  and  Z  =  1, 

Salt  Concentrations  in  the  Ternary  and  Quaternary 
Systems 


Solubility 
of  NaCl 
(in  wt.  % 

CcaCi, 

^MgCl, 

CrcaCl,,  MgCl, 

fc;I  =  1:1 

k:l  =  1:3 

2 

0.295 

0.290 

0.289 

0.290 

0.293 

5 

0.232 

0.232 

0.237 

0.234 

0.238 

10 

0.166 

0.164 

0.170 

0.168 

0.168 

15 

0.112 

0.107 

0.113 

0.113 

1.111 

20 

0.060 

0.057 

0.062 

0.062 

0.060 

25 

0.013 

0.012 

0.014 

0.014 

0.013 

The  figure  shows  the  solubility  isotherm  for  sodium  chloride  in  the  quaternary  system  at  k;  Z  =  1;  3. 


/I 


Solubility  isotherm  for  NaCl  in  the  ternary 
and  quaternary  systems.  A)  n^CaClj,  MgClj 
is  the  sum  of  the  weight  percentages  of 
CaClj  and  MgClj,  B)  n^aCl  is  the  solubility 
of  NaCl  (in  wt*  1o),  l)  Calculated  con¬ 
centrations,  2)  experimental  data  for  the 
quaternary  system. 


The  isotherm  was  plotted  with  the  aid  of 
Equation  (7)  after  substitution  of  values  of  C^y 
found  from  die  2nd  and  3rd  columns  of  the  table. 

For  comparison,  points  corresponding  to  experimental 
data  interpolated  to  25*  [3]  are  shown  on  the  figure.* 
Any  scattering  of  the  points  on  the  graph  can  probably 
be  ascribed  to  experimental  error. 

It  is  cleat  from  the  above  that  concentrations 
in  the  quaternary  system  at  any  k ;  Z  ratio  can  also 
be  calculated  from  solubility  data  in  the  quaternary 
system  at  a  definite  k;Z  ratio. 

The  basis  for  the  proposed  method  can  be  sub¬ 
stantiated  by  the  following  reasoning. 

It  is  known  that  the  activity  of  a  component 
(in  this  instance  sodium  chloride)  in  solution,  in 
equilibrium  with  a  solid  phase  consisting  of  this  com¬ 
ponent  only,  is  a  constant  at  a  given  temperature. 

The  relationship  between  activity  and  concentration 
is  represented  by  the  expression 


where  y  is  the  activity  coefficient,  a  is  the  activity  of  the  given  salt  in  the  solution,  and  N  is  its  mole 
fraction.  If  the  solutions  were  dilute,  then,  by  the  law  of  constancy  of  ionic  strength,  the  activity  coefficient 
could  be  regarded  as  constant  at  constant  ionic  strength  of  the  solution.  Replacement  (total  or  partial)  of 


*  As  the  solubility  of  sodium  chloride  depends  little  on  the  temperature,  interpolation  over  a  small  tern 
perature  range  cannot  distort  the  experimental  results. 
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magnesium  chloride  by  an  equivalent  amount  of  calcium  chloride  in  the  solution  should  not  cause  any  changes 
in  the  ionic  strength  of  the  solution,  as  the  ionic  strength  depends  only  on  the  valence  and  concentration  of 
the  ions  present  in  tlie  solution. 

Tlie  proposed  rule  reduces  to  the  assumption  that  in  the  system  in  question  the  activity  coefficient  re¬ 
mains  unchanged  even  for  concentrated  solutions  on  replacement  of  a  given  number  of  moles  of  calcium 
chloride  by  the  same  number  of  moles  of  magnesium  chloride.  In  other  words,  the  assumption  is  that  the 
activity  coefficient  of  sodium  chloride  in  the  solution  depends  on  the  sum  of  the  numbers  of  moles  of  calcium 
and  magnesium  chlorides  present,  and  not  on  their  relative  proportions.  If,  for  a  given  total  of  mole  fractions, 
the  activity  coefficient  of  sodium  chloride  is  constant,  then  according  to  Equation  (8),  the  solubility  of  sodium 
chloride  (expressed  in  mole  fractions)  is  also  constant. 

Calculations  show  that  equal  molar  percentages  of  sodium  chloride  in  the  two  solutions  in  question 
correspond  to  weight  percentages  of  sodium  chloride  which  are  equal  within  the  limits  of  experimental  error. 

Consequently,  the  sodium  chloride  concentration  can  be  expressed  in  weight  percentages  in  such  cal¬ 
culations.  The  concentrations  of  calcium  and  magnesium  chloride  must  then  be  expressed  in  moles  per  100  g 
of  solution. 


SUMMARY 

A  method  is  described  for  calculation  of  salt  concentrations  in  the  crystallization  region  of  sodium 
chloride  in  the  quaternary  system 

CaCla— MgCla— NaCl— H2O 

from  known  values  of  the  solubility  of  sodium  chloride  in  ternary  systems.  Tire  calculated  values  agree  with 
experimental  data  within  the  limits  of  experimental  error. 
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INVESTIGATION  OF  ORGANIC  COMPOUNDS  WHICH  RETARD  THE  OXIDATION 
OF  SULFIDE  ORES  AT  ELEVATED  TEMPERATURES 


F,  N,  Pavlov,  V,  G,  Plusnin,  and  E,  F,  Iordan 


We  showed  earlier  [1]  that  if  sulfide  ores  are  moistened  with  diluted  tat  water  (1:10)  or  0,4 *70  xylenol 
solution,  oxidation  of  the  ores  by  atmospheric  oxygen  is  retarded  approximately  14  fold  as  compared  with  the 
oxidation  rate  of  ores  sprayed  with  water  only. 

In  this  paper  we  give  the  results  of  a  study  of  the  effects  of  the  same  organic  compounds  and  their  con¬ 
densates  on  the  oxidation  of  sulfide  ores  at  elevated  temperatures  (50-350*), 

EXPERIMENTAL 

Apparatus  and  method.  Two  similar,  vertical,  tubulat  electric  furnaces  of  stainless  steel  were  constructed 
for  the  investigation, 

Run-of-the-mine  sulfide  ore  from  one  of  the  Ural  deposits  was  used.  Each  furnace  was  charged  with 
1,25  kg  of  ore,  the  temperature  was  raised  to  the  desired  level,  and  the  ores  were  then  sprayed  by  means  of 
dropping  funnels  with  the  antioxidant  in  one  furnace,  and  with  town  water  or  the  same  antioxidant  but  at  a 
different  concentration  in  the  other.  The  temperature  in  the  heated  furnaces  was  kept  constant  by  means  of 
a  special  bimetallic  thermoregulator.  The  ore  in  each  furnace  was  sprayed  with  100  ml  of  liquid  in  each  ex¬ 
periment.  The  sprayed  ore  was  kept  at  the  test  temperature  for  5  hours.  At  the  furnace  exits  receivers  were 
installed,  in  which  condensates  of  the  test  solutions  were  collected  after  passing  through  condensers.  At  the 
end  of  an  experiment  the  reaction  spaces  were  hermetically  closed,  the  heat  was  switched  off,  and  the  furnaces 
were  cooled  to  room  temperature.  Condensates  were  tested  in  the  same  way  as  the  fresh  antioxidant  solutions 
in  order  to  determine  whether  they  retain  their  protective  properties, 

TABLE  1 

Oxygen  Absorption  As  A  Function  of  Time  for  Ore  Previously  Heated  to 

300*  and  Freshly  Crushed  Ore 


Time  from 
start  of  ex¬ 
periment 
(days) 

Oxygen  absorbed  (in  cc/kg  ore) 

ore  previously  heated 
and  moistened  with 
^  ntio  xid  ant  so  lution 

freshly  crushed  ore  moistened  with 

antioxidant  con¬ 
densate 

town 

water 

3 

- 

•- 

22.49 

4 

14.53 

9.15 

- 

8 

20.26 

15.10 

88.24 

12 

28.46 

23.81 

136,64 

16 

32.56 

28^5 

186.92 

20 

36.35 

30.94 

225^42 

23 

38.00 

33.14 

252.76 

27 

40.42 

35.37 

304.82 

30 

46.07 

39.82 

350.57 
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The  cooled  ores  were  discharged  from  the  furnaces  into  separate  glass  vessels;  in  one  vessel  die  ore  was 
again  sprayed  with  the  sane  antioxidant  solution  as  in  the  furnace,  and  in  the  other,  with  town  water.  In 
addition,  ore  wliich  had  not  been  heated  was  put  into  another  similar  vessel,  and  moistened  with  condensate 
from  the  same  antioxidant  solution.  In  every  case  20  ml  of  liquid  per  1  kg  of  ore  was  used  for  moistening. 
Tlie  vessels  were  then  placed  in  a  thermostat,  and  the  subsequent  observations  and  calculations  of  the  results 
were  carried  out  by  the  procedure  described  previously  [1],  Daily  readings  were  tabulated,  and  the  data  were 
plotted  graphically.  The  antioxidants  tested  were  tar  water  from  the  peat  gas  producer  station  of  the  Ural 
Heavy  Machine  Building  Works,  and  aqueous  solutions  of  technical  xylenols  from  the  Nizhne-Tagllsky  Works. 

TABLE  2 

Average  Rates  of  Absorption  of  Oxygen  by  Ore  Treated  With 

Tar  Water  (at  1 ;  10  dilution) 


Pretreatment 

temperature 

(in'C) 

Average  rates  of  oxygen  absorption 
(in  cc/kg  per  day)  over  25  days 

ore  treated  with 

fresh  solution 

solution  condensate 

300 

1.57 

1.37 

250 

1.86 

2,14 

150 

2.21 

2.38 

100 

1.80 

0.85 

50 

1A5 

1.20 

Average  for 

50-300*  range 

1.78 

1.59 

TABLE  3 

Oxygen  Absorption  as  a  Function  of  Time  for  Ore  Previously 
Heated  to  350'  and  Freshly  Crushed  Ore 


Oxygen  absorbed  (in  cc/kg  ore) 

M  4) 

6  1 

ore  from  furnace 

freshly  crushed  ore 
moistened  with 

^ 

moistened 

antioxidant 

a  «  3 

.q  Vi 

H  o 

dry 

with  anti¬ 
oxidant 

condensate 

town  water 

3 

21.32 

19.85 

13.91 

22.49 

6 

31.80 

27.54 

19.16 

58.19 

9 

42.46 

85.73 

24.56 

103.79 

13 

48.71 

43.90 

31.13 

150.82 

16 

60.56 

47.01 

33.69 

180.16 

18 

57.80 

64.97 

39.04 

205.74 

21 

67.02 

68.83 

46.26 

240.03 

24 

70.80 

69.97 

47.73 

266.77 

27 

74.35 

65.90 

52.80 

304.82 

30 

79.20 

68.39 

54.33 

350.67 

34 

93.21 

77.19 

57.22 

422.32 

37 

98.32 

81.63 

60.64 

442.89 

41 

110.74 

89.12 

66.03 

489.31 
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Effect  of  moistening  with  tar  water  (1;  10  dilution)  on  oxidation  of  ore  heated  to  300*.  The  results 
obtained  with  ores  previously  heated  to  300“  are  given  in  Table  1, 

Similar  experiments  were  carried  out  at  other  temperatures  (50,  100,  150,  and  250*),  The  results  were 
used  to  calculate  the  average  rates  of  absorption  of  oxygen  by  ores  previously  heated  to  these  temperatures; 
the  values  are  given  in  Table  2. 

Over  the  same  period  freshly  crushed  ore  sprayed  with  water  only  absorbs,  on  the  average,  10,78  cc  of 
oxygen  per  kg  per  day.  Comparison  of  the  average  rates  of  oxygen  absorption  by  the  treated  ore  and  by 
freshly  crushed  ore  shows  that  tar  water  retains  Its  protective  properties  for  ores  previously  heated  to  300’, 
This  protection  retards  oxidation  6-fold  in  comparison  with  untreated  ore  over  the  same  period.  Tar-water 
condensates  collected  after  passing  through  heated  ore  retard  the  oxidation  of  freshly  crushed  ore  to  the  same 
extent  as  fresh  solutions. 

Effect  of  moistening  with  xylenol  solution  on  the  oxidation  of  ore  previously  heated  to  350*,  Investi¬ 
gations  with  the  use  of  xylenol  solutions  showed  that  the  most  suitable  concentration,  which  produces 
appreciable  retardation  of  oxidation  at  normal  temperatures,  is  0,4 the  same  optimum  concentration  of 
xylenols  in  water  was  therefore  used  for  tests  of  the  protective  properties  of  xylenols  at  higher  temperatures. 

The  results  of  tests  on  ore  previously  heated  to  350*  are  given  in  Table  3, 

Similar  experiments  were  performed  with  ore  previously  heated  to  90,  150,  250,  and  300*,  The  results 
are  given  in  Table  4  in  the  form  of  calculated  average  rates  of  oxygen  absorption  by  the  ore  at  these  tem¬ 
peratures, 

TABLE  4 

Rates  of  Oxygen  Absorption  by  Ore  Treated  With  0,4% 

Aqueous  Xylenol  Solution  (Average  Values  for  Different 
Temperatures) 


Average  rate  of  oxygen  absorption  (in 

§  ? 

€  0) 

ctt  U 

n  1 

cc/kg  ore 

per  day)  over  41  days 

ore  from 

freshly  crushed  ore 

furnace 

moistened  with 

feL  8. 

4>  Q 

6  a 

dry 

noistene 

with 

anti¬ 

oxidant 

anti¬ 

oxidant 

con¬ 

densate 

town 

water 

360 

2.70 

2.17 

1.61 

300 

2.26 

1.60 

1.68 

— 

260 

2.18 

1.67 

2.62 

— 

160 

1.21 

1.41 

1.77 

— 

90 

1.63 

0.68 

1.29 

20 

— 

— 

— 

11.93 

Average 
for  tem¬ 
peratures 
up  to  350* 

1.99 

1.47 

1.76 

11.93 

Comparison  of  the  average  rates  of  oxygen  absorption  by  the  treated  ore,  and  by  freshly  crushed  ore 
sprayed  with  water  only,  shows  that  at  higher  temperatures,  from  90  to  350*,  xylenol  solution  produces  a 
6-fold  retardation  of  the  rate  of  oxygen  absorption  by  the  ore. 

Condensates  of  these  solutions,  collected  after  passing  through  the  heated  ore,  also  retard  the  oxidation  of 
freshly  crushed  ore  to  about  the  same  extent  as  the  fresh  solutions. 


999 


SUMMARY 


1.  Tar  water  from  peat  gas  producer  stations  and  technical  xylenols  from  peat  tar,  used  at  low  con¬ 
centrations,  protect  sulfide  ores  against  oxidation  by  atmospheric  oxygen  both  at  low  and  at  elevated  tem- 
{)eratures  (50-350®). 

2.  Condensates  of  solutions  passed  through  the  hot  zone  (300-350*)  retain  their  protective  properties 
for  freshly  crushed  ore  at  normal  temperatures, 

3.  The  optimum  concentrations  of  the  aqueous  solutions  for  ore  treatment  at  elevated  and  low  tem¬ 
peratures  are  0,4^70 for  xylenols,  and  10-fold  dilution  for  tar  water, 
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THE  SYSTEM  Na2S04  -  NaHCOj  -  HjO  (CARLSBAD  SALT)  AT  25  AND  38*  * 


G.  V.  Sukmanskaya  and 
The  Lvov  Zooveterinary  Institute, 


P.  S.  Bogoyavlensky 
Chair  of  Inorganic  Chemistry 


Study  of  equilibria  in  the  system  N^SQj  -NaHCC^-HjO  apart  from  the  general  problems  with  which  our 
studies  of  Carlsbad  salt  [1]  are  concerned,  is  of  independent  importance,  as  ternary  aqueous  solutions  containing 
Na2S04  and  NaHCC^  are  also  used  for  medicinal  and  prophylactic  purposes, 

Makarov  and  Vaksberg  [2]  studied  the  system  Na2S04— NaHCO^— H2O  at  25*, "According  to  their  results, 
the  solubility  isotherm  has  only  two  crystallization  branches  —  for  NaHCOj  and  Na2S04  *10H2O  —  sodium  sulfate 
is  not  dehydrated  by  the  action  of  sodium  bicarbonate.  From  these  results  it  may  be  assumed  that  liquid  phases 
in  the  ternary  system  Na2S04— NaHCC^-H20  at  25*  should  contain  stably  hydrated  sodium  ions  over  the  entire 
range  of  possible  salt  concentrations.  Since  the  ionic  composition  of  aqueous  salt  solutions  is  important  in 
pharmacological  investigations,  it  was  decided  to  verify  the  results  obtained  by  Makarov  and  Vaksberg,  es¬ 
pecially  as  it  appears  that  no  other  data  on  the  subject  are  available. 

As  far  as  we  could  establish  from  the  literature,  the  system  Na2S04— NaHCOj— H2O  has  not  been  studied 
at  38*, 


EXPERIMENTAL 

The  usual  isothermal  method  was  used  for  studying  equilibria  in  the  system  Na2S04— NaHCOj— H2O  at 
25  and  38",  The  composition  of  the  liquid  phase  was  found  by  quantitative  determinations  of  HCOjj"  and 
SO4”,  The  HCO^’  determinations  were  carried  out  by  the  acidimetric  method  with  methyl  orange  indicator; 
SO4'”  was  determined  gravimetrically.  Samples  of  liquid  phase  for  quantitative  determinations  of  these  ions 
were  taken  only  after  equilibrium  had  been  shown  to  be  established;  in  most  cases  this  was  after  24  hours  or 
more.  As  a  rule,  the  determinations  of  the  solution  composition  were  duplicated. 

The  composition  of  the  solid  phases  was  determined  from  the  results  of  microscopical  observation  of 
the  external  form  of  the  crystals  taken  from  the  reaction  vessel  after  equilibrium  had  been  established^  Crystals 
of  Glauber  salt,  anhydrous  sodium  sulfate,  and  sodium  bicarbonate  differ  appreciably  in  appearance  under  the 
microscope,  so  that  it  was  possible  to  determine  the  solid  phase  compositions  in  the  system  Na2S04— NaHCOj— H2O 
fairly  accurately.  The  solid  phases  for  the  univariant  lines  of  the  isotherm  at  25*  are  NaHCOj  and  NaaSQj* 

•  10  H2O,  for  the  isotherm  at  38*,  NaHCOj  and  Na2S04  and  for  the  eutonlc  points,  mixtures  of  the  salts.  Thus, 
our  investigations  confirmed  Makarov  and  Vaksberg’s  data  on  the  composition  of  the  solid  phases  in  the  system 
Na2S04-NaHCC^-H20  at  25*, 

The  formation  of  sodium  carbonate  in  the  system  Na2SO4-NaHC0^-H2O  was  prevented  by  the  methods 
described  in  detail  in  one  of  our  papers  [3], 


*  Communication  IV  in  the  series  on  the  physicochemical  analysis  of  aqueous  salt  systems  of  pharmacological 
significance. 
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The  results  of  our  investigations  of  the  system  Na2S04— NaHCC"^  — H2O  are  given  in  Table  1  and  in 
Figs.  1  and  2. 


TABLE  1 

Solubility  in  the  System  Na2S04— NaHCC^  — HjO  at  25  and  38*. 


Composition  of  liquid  phase 


in  weieht  percent  I 

in  moles  per  1000  g  il20 

NajSO, 

NaHCO, 

H,0 

Na^SO^ 

NaHCOa 

Solid  phase 


Isotherm  for  25'^ 


21.90 

_ 

78.10 

1.974 

— 

1 

21.21 

2.53 

76.26 

1.968 

0.395 

}  NagSOi  .  IOH2O 

20.77 

3.76 

76.47 

1.939 

0.694 

1 

20.73 

4.19 

76.08 

1.944 

0.664 

Na2S04  .  lOHgO  + 

-f  NaHCOg 

19.56 

4.86 

76.09 

1.809 

0.682 

16.81 

6.03 

79.16 

1.406 

0.756 

13.28 

6.48 

81.24 

1.161 

0.803 

10.36 

6.27 

83.37 

0.875 

0.895 

NaHCOg 

6.60 

7.28 

86.12 

0.540 

1.006 

3.19 

8.30 

88.51 

0.254 

1.116 

— 

9.31 

90.69 

— 

1.222 

Isotherm  for  38° 


33.06 

— 

66.94 

3.48 

— 

32.60 

0.76 

66.64 

3.44 

0.14 

32.22 

1.34 

66.44 

3.41 

0.24 

30.79 

2.95 

66.26 

3.26 

0.53 

28.80 

3.64 

67.56 

3.00 

0.64 

27.54 

3.76 

68.71 

2.82 

0.65 

25.13 

4.12 

70.75 

2.50 

0.69 

21.37 

4.82 

7.3.81 

2.04 

0.78 

17.50 

5.67 

76.83 

1.60 

0.88 

14.60 

6.42 

78.98 

1.30 

0.97 

11.34 

7.35 

81.31 

0.98 

1.08 

8.68 

8.00 

83.32 

0.73 

1.17 

5.81 

9.10 

85.09 

0.48 

1.27 

4.12 

9.70 

85.99 

0.34 

1.37 

2.00 

10.45 

87.55 

0.16 

1.42 

— 

11.16 

88.84 

— 

1.50 

I  Na2S04 

Na2S04  +  NaHC03 

NaHCOg 


Joint  solubility  in  the  system  Na2S04-NaHC05— H2O  at  25  and  38*  is  characterized  by  a  fairly  pro¬ 
nounced  salting-out  effect  of  Na2S04  on  NaHCO^,  Thus,  at  25*  the  molalities  of  Na2S04  and  NaHCOj  in  the 
eutonic  solution  are  in  a  ratio  of  2,94: 1.  The  ratio  of  the  molality  of  a  saturated  solution  of  Na2S04  to  the 
molality  of  Na2S04  in  the  eutonic  solution  is  1.02,  The  corresponding  ratio  for  NaHCC^  is  1,89,  The 
corresponding  data  for  38*  show  a  further  increase  in  the  salting  out  of  NaHCC^  from  the  ternary  system. 


It  follows  from  the  foregoing  that  the  appreciable  decrease  of  the  individual  solubility  of  NaHCOj  in 
the  ternary  system  at  25*  is  probably  the  principal  factor  which  determines  the  absence  of  the  transition 
Na2S04  *101120  — >  Na2S04  in  the  system  Na2S04— NaHCOj— H2O,  It  is  evident  that  this  transition  is  possible 
with  considerable  salting  out  of  Na2S04  from  the  ternary  system  of  the  crystallization  branch  of  Na2S04 « 

•  10  H2O  ,  and  at  fairly  high  concentrations  of  tlie  nonsaturating  salt  in  the  solution  at  the  transition  point. 
Comparison  of  the  solubility  isotherms  at  25*  for  the  systems  Na2S04- NaHCOj- H2O  and  Na2S04-NaCl-H20 
may  be  informative  in  this  respect.  The  molality  of  tlie  solution  at  the  transition  point  in  the  system 
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NajSO^— NaCl— HjO  is  1.51  with  respect  to  Na2S04  and  3,39  with  respect  to  NaCl,  i.e.,  the  molality  of  the 
iionsaturating  salt  is  more  than  double  tliat  of  the  saturating  salt  [1],  No  such  or  any  similar  ratio  of  salt 
concentrations  is  found  in  the  system  Na2S()4— NaliCtl^  — Hjt),  and  therefore  sodium  sulfate  is  not  found  de¬ 
hydrated  in  the  solid  phase. 


A 


Fig.  1,  Solubility  in  the  system 
Na2SQ4-NaHCC^-H20  at  25“. 

A)  Na2SQ4  content  (in  wt,  %), 

B)  NaHCOj  content  (in  wt.  %). 
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Fig,  2,  Solubility  in  the  system 
Na2S04-NaHC(l^-H20  at  38°. 

A)  Na2S04  content  (in  wt, 

B)  NaHCC^  content  (in  wt,  %), 
The  remaining  designations  are 
given  in  the  text. 


The  above  characteristics  of  mutual  solubility  in  the  system 

Na2S04-NaHCC^-ll20 


must  be  taken  into  account  in  pharmacological  investigations  of  the  ternary  solution  systems,  since  the  ionic 
composition  of  these  solutions  is  not  the  same  at  25  and  38°, 

It  was  reported  by  one  of  us  [4]  that  a  useful  characteristic  of  liquid  aqueous  salt  phases  of  pharmacological 
significance  is  the  ionic  strength,  especially  in  the  case  of  dilute  solutions,  which  are  used  widely  in  medical 
and  veterinary  practice.  In  this  paper  we  use  solubility  isotherm  data  for  the  system  Na2S04— NaHCC^— H2O 
at  38*  to  consider  certain  methods  for  using  isothermal  diagrams  for  selection  of  solutions  of  equal  ionic 
strengths. 

For  this  it  is  first  necessary  to  study  the  region  of  unsaturated  solutions  in  the  diagram,  by  means  of  a 
series  of  rectilinear  paths  connecting  the  water  corner  of  the  diagram  to  definite  points  on  the  univariant 
curves  of  salt  crystallization,  Tlie  solutions  corresponding  to  all  points  of  a  given  path  will  all  have  equal 
ratios  of  salt  concentrations  and  equal  ratios  of  the  partial  ionic  strengths  of  the  salts.  Moreover,  over  a 
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definite  range  of  ionic  strengths  all  the  paths  will  contain  figurative  points  for  solutions  of  equal  ionic  strength, 
although  the  concentrations  and  the  ratios  of  the  salt  concentrations  in  these  solutions  will  be  different.  As 
shown  in  Fig.  2,  we  studied  the  region  of  unsaturated  solutions,  bounded  in  the  diagram  by  the  univariant 
curve  for  NaHCO^  crystallization,  by  this  path  method. 

TABLE  2 

Compositions  and  Ionic  Strengths  of  Two-Salt  Solutions  in  the  System  Na2S04— NaHCC^— H2O 
at  38'. 


’ath 

'^0. 

Composition 
(wt,  °Jo) 

Ionic  strength 

Ionic 
strength 
ratio  for 
NaHCC^: 
Na2SQ4 

Composition  (in 
moles  per  1000  g 
_ IkO _ 

Na,S04 

NaHCOa 

NaHCOa 

NajSOi  + 
+  NaHCO, 

NfljSOi 

NaHCO, 

2.00 

10.45 

0.482 

1.421 

1.903 

0.161 

1.421 

1.70 

8.89 

0.402 

1.184 

1.586 

0.134 

1.184 

1.40 

7.26 

0.322 

0.947 

1.269 

0  Qylf; 

0.107 

0.947 

1 

1.07 

6.57 

0.241 

0.710 

0.951 

0.080 

0.710 

0.73 

3.80 

0.161 

0.474 

0.636 

0.054 

0.474 

0.55 

2.88 

0.121 

0.356 

0.476 

0.040 

0.355 

5.81 

9.10 

1.442 

1.278 

2.715 

0.481 

1.273 

4.97 

7.78 

1.203 

1.061 

2.264 

0.401 

1.061 

4.07 

6.38 

0.961 

0.849 

1.810 

0  883 

0.320 

0.849 

3.14 

4.92 

0.721 

0.637 

1.358 

0.240 

0.637 

2.15 

3.37 

0.481 

0.424 

0.905 

0.160 

0.424 

1.86 

2.91 

0.412 

0.364 

0.776 

0.187 

0.364 

11..34 

7.35 

2.945 

1.076 

4.021 

0.982 

1.076 

8.06 

5.23 

1.964 

0.717 

2.681 

0.655 

0.717 

6.25 

4.05 

1.473 

0.538 

2.011 

0  365 

0.491 

0.538 

5.11 

3.31 

1.178 

0.430 

1.608 

0.393 

0.430 

3.74 

2.42 

0.842 

0.307 

1.149 

0.281 

0.307 

2.95 

1.91 

0.656 

0.239 

0.894 

0.215 

0.239 

17.50 

6.67 

4.811 

0.878 

6.689 

1.604 

0.878 

12.71 

4.12 

3.207 

0.586 

8.793 

1.069 

0.586 

9.90 

3.21 

2.405 

0.439 

2.844 

n  1 QQ 

0.802 

0.439 

6.90 

2.24 

1.604 

0.298 

1.897 

0.535 

0.293 

5.30 

1.72 

1.203 

0.220 

1.423 

0.401 

0.220 

4.30 

1.89 

0.962 

0.176 

1.138 

0.321 

0.176 

21.37 

4.82 

6.114 

0.777 

6.891 

2.038 

0.777 

15.60 

3.52 

4.076 

0.518 

4.594 

1.859 

0.518 

12.30 

2.77 

3.057 

0.389 

3.446 

1  n  1 07 

1.019 

0.389 

8.63 

1.95 

2.038 

0.259 

2.297 

1 

0.679 

0.269 

6.65 

1.60 

1.529 

0.194 

1.723 

0.510 

0.194 

5.41 

1.22 

1.223 

0.156 

1.378 

1 

0.408 

0.165 

30.79 

2.95 

9.792 

0.530 

10.322 

3.264 

0.530 

23.09 

2.22 

6.528 

0.353 

6.881 

2.176 

0.353 

18.49 

1.78 

4.896 

0.265 

6.161 

1.632 

0.265 

13.21 

1.27 

3.264 

0.177 

3.441 

n  nfiy! 

1.088 

0.177 

10.29 

0.99 

2.448 

0.132 

2.580 

0.816 

0.132 

8.42 

0.81 

1.958 

0.106 

2.064 

0.653 

0.106 

7.12 

0.68 

1.632 

0.088 

1.720 

0.544 

0.088 

6.45 

0.62 

1  1.224 

0.066 

1.290 

0.408 

0.066 

To  find  the  concentrations  of  solutions  with  the  same  ionic  strength,  several  points  corresponding  to 
known  compositions  are  chosen  on  each  path.  The  concentrations  of  the  solutions  corresponding  to  the  in¬ 
dividual  points  were  either  predetermined  from  the  composition  of  the  solution  corresponding  to  the  point  in 
the  path  lying  on  the  univariant  curve  for  NaHC03  crystallization,  or  the  compositions  of  the  solutions  corres¬ 
ponding  to  the  points  in  the  paths  were  determined  graphically.  The  accuracy  of  the  graphical  determination 
is  easily  checked  from  the  ratio  of  salt  concentrations,  known  for  the  given  path.  Tlie  known  concentration  of 
each  solution  was  used  to  calculate  its  ionic  strength.  Composition  and  ionic  strength  data  for  two-salt 
solutions  in  the  six-paths  chosen  are  given  in  Table  2, 
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TABLE  3 

Two-Salt  Solutions  of  Equal  Ionic  Strengths  in  the  System  NajSQi— NaHCOj— HjO, 


Ionic 

Path 

No. 

Composition  . 

^  (wt.  % 

Ionic 

Path 

Composition  (wt,  % 

strength 

Na,SO« 

NaHCOj 

strength 

No. 

NaHCOj 

1 

1 

0.64 

2.80 

2 

4.40 

6.90 

2 

1.15 

1.80 

2.0 

3 

5.86 

3.80 

0.5 

3 

1.64 

1.00 

4 

6.79 

2.20 

4 

1.86 

0.60 

5 

6.65 

1.50 

5 

1.77 

0.40 

6 

7.29  ■ 

0.70 

6 

2.08 

0.20 

1 

1.91 

10.0 

1 

0.23 

1.20 

2 

3.96 

6.20 

2 

0.51 

0.80 

1.8 

3 

6.24 

3.40 

0.2 

3 

0.77 

0.50 

4 

6.02 

1.96 

4 

0.93 

0.30 

5 

6.21 

1.40 

5 

1.10 

0.25 

6 

6.26 

0.60 

6 

1.04 

0.10 

1 

1.57 

8.20 

2 

3.32 

5.20 

1.6 

3 

4.47 

2.90 

4 

4.94 

1.60 

6 

6.32 

1.20 

6 

6.04 

0.58 

The  data  for  the  composition  and 
ionic  strength  of  solutions  corresponding  to 
definite  points  on  the  paths  in  the  isothermal 
diagram  are  then  used  for  the  construction 
of  the  same  number  of  auxiliary  curves  as 
there  were  paths,  showing  the  variations  of 
the  ionic  strengths  of  the  two-salt  solutions 
with  the  concentration  of  one  of  the  salts. 

It  follows  from  Fig,  3  that  the  plots  of  ionic 
strength  against  NaHCC^  concentration,  in 
percent  by  weight,  are  linear  for  all  the 
salt  concentrations  used  in  the  two -salt 
solutions  of  the  system  in  question.  The 
straight  lines  in  Fig.  3  are  numbered  to 
correspond  with  the  paths  in  Fig,  2,  We 
also  found  that  there  are  slight  deviations 
from  linearity  at  relatively  high  Na2S04  concentrations  in  the  relationship  between  the  ionic  strength  and  the 
concentration  of  the  second  salt,  Na2S04,  expressed  in  percent  by  weight,  but  it  is  precisely  linear  if  the 
Na2S04  concentration  is  expressed  in  moles  per  1000  g  H2O.  These  results  evidently  suggest  that  the  ionic 
strength  of  a  solution  containing  two  salts  is  a  linear  function  of  the  molality  of  each  of  the  salts.  The  two 
diagrams  —  the  isothermal  and  the  auxiliary  —  may  be  used  to  determine  with  great  accuracy  the  compositions 
of  two-salt  solutions  of  given  ionic  strength.  The  results  of  our  determinations  of  the  concentrations  of  solutions 
of  the  same  ionic  strengths  are  given  in  Table  3. 


Fig,  3,  Variations  of  ionic  strengtli  of  two-salt 
solutions  with  the  concentration  of  one  of  the  salts. 
A)  Concentration  of  NaHCC^  (in  wt.  °Jo),  B)  ionic 
strength.  The  remaining  designations  are  given 
in  the  text. 


SUMMARY 


1.  It  was  found  in  a  study  of  the  joint  solubility  of  Na2S04  and  NaHCOj  in  water  at  25  and  38*  that  the 
liquid  phases  at  25®,  in  contrast  to  the  liquid  phases  at  38®,  contain  stably  hydrated  sodium  ions,  and  possibly 
stably  hydrated  sulfate  ions  also. 
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2,  An  account  is  given  of  methods  for  using  the  isothermal  diagram  for  a  ternary  water  —  salt  system 
to  select  concentrations  of  solutions  of  equal  ionic  strengths. 
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THE  SELECTIVE  CORROSION  OF  ZINC 


I.  I.  Zabolotnyi 

The  I.  Fedorov  Polygraphic  Institute  of  the  Ukraine 


As  has  already  been  reported  [1],  there  have  been  several  investigations  of  the  selective  corrosion  of 
metals,  but  the  details  of  this  highly  complex  corrosion  process  are  not  yet  quite  clear.  The  selective  corrosion 
of  zindin  nonoxidizing  and  oxidizing  acids  only  partially  explains  the  complexity  of  the  selective  corrosion  of 
zinc  [1],  In  the  course  of  this  investigation  a  number  of  questions  arose  with  regard  to  the  dependence  of  the 
selective  corrosion  of  zinc  on  the  acid  content  of  the  solution,  the  temperature,  and  the  presence  of  various 
oxidants  in  solutions  of  nonoxidizing  acids.  The  present  paper  deals  with  these  questions, 

EXPERIMENTAL  METHODS 

The  same  method  as  before  [1]  was  used  for  preparation  of  the  specimens  from  sheet  zinc,  but  the  zinc 
plates  were  smaller  (20  x  20  mm),  and  asphalt,  being  more  stable,  was  used  for  acid  insulation.  Drops  of  a 
solution  of  asphalt  in  benzene  were  placed  at  the  center  and  at  the  corners  of  the  zinc  plate  surface  in  order  to 
determine  differences  in  the  selective  corrosion  of  zinc  at  these  regions  of  the  plate. 

Two  hundred  ml  of  the  acid  solution  was  used  in  each  experiment,  so  that  the  height  of  the  layer  of 
liquid  over  the  attacked  surface  was  the  same  in  every  case.  The  acid  solutions  were  left  unstirred  for  different 
times,  which  depended  on  the  degree  of  attack  of  the  zinc  plate  necessary  to  give  a  selective  corrosion  profile. 

After  removal  of  the  corrosion  products  from  the  attacked  surface,  and  of  the  asphalt  layer  from  the  rest 
of  the  plate,  the  instrument  of  our  design  [2]  was  used  to  determine  the  thickness  of  the  plate  from  the  con¬ 
tinuously  etched  surface  to  the  places  which  were  under  the  layer  of  asphalt  and  which  were  therefore  not 
attacked.  It  should  be  noted  that  in  measurements  between  the  minimum  and  the  maximum  plate  thickness 
the  varying  pressure  on  the  point  of  the  needle  caused  by  tension  in  the  indicating  mechanism  did  not,  according 
to  our  observations,  produce  any  traces,  visible  under  a  lens,  on  the  plate  surfaces.  The  results  of  measurements 
along  the  distance  from  the  region  of  continuous  etching  to  the  insulating  layer  represented  the  selective  corrosion 
profile. 

Effect  of  acid  concentration  on  the  selective  corrosion  of  zinc.  Hydrochloric,  sulfuric,  and  nitric  acids 
of  various  normalities  were  used  to  determine  the  effects  of  acid  concentration  on  the  selective  corrosion  of 
zinc.  The  results  of  repeated  determinations  of  selective  corrosion  at  the  edges  of  the  acid -insulating  layers 
in  the  center  and  at  the  corners  of  the  plate  showed  that  such  corrosion  is  more  pronounced  at  the  plate  corners. 
This  is  probably  the  consequence  of  greater  changes  of  acid  concentration  in  these  regions  of  the  plate  during 
corrosion. 

It  follows  from  the  selective  corrosion  curves  (Fig,  1)  which  represent  the  selective  corrosion  profiles  for 
zinc  in  sulfuric  acid  solutions,  that  as  the  sulfuric  acid  concentration  increases,  the  region  between  the  start  of 
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selective  corrosion  to  continuous  relatively  uniform  etching  of  the  zinc  surface  decreases.  There  is  no  doubt 
that  the  difference  in  the  size  of  the  regions  is  primarily  the  consequence  of  the  difference  in  the  size  of  the 
bubbles  which  can  be  retained  at  the  edge  of  the  asphalt  layer.  In  our  opinion,  when  the  corrosion  rate  of 
zinc  is  low,  which  is  the  case  in  dilute  nonoxidizing  acid  media,  the  conditions  are  favorable  for  prolonged 
growth  of  hydrogen  bubbles  and  therefore  for  formation  of  large  bubbles  at  the  boundary  between  the  metal 
and  the  nonmetallic  material  -  asphalt.  However,  as  the  acid  concentration  increases,  the  corrosion  of  zinc 


Fig.  1,  Variation  of  the  thickness  of  a  zinc  plate  with  distance  from  the  acid- 
insulating  layer.  A)  Thickness  of  the  zinc  plate  (in  l  B)  distance 

from  the  acid -insulating  layer  (in  p). 

Corrosion  in  sulfuric  acid  solutions  of  the  following  strengths:  I)  0,25  N, 

II)  0.5  N,  III)  1,0  N,  IV)  3.0  N,  V)  5,0  N,  VI)  7,0  N. 

is  accelerated,  and  so  is  the  rate  of  formation  of  hydrogen  bubbles;  the  attacked  zinc  plate  becomes  con¬ 
siderably  heated  [3],  and  this,  together  with  the  agitation  of  the  solution  near  the  attacked  zinc  surface  by 
the  detaching  hydrogen  bubbles,  prevents  the  growth  and  retention  of  bubbles  at  any  of  the  regions  on  this 
surface.  The  development  of  these  effects  corresponds  to  the  decrease  of  the  selective  corrosion  region  with 
increasing  concentration  of  hydrochloric  acid  in  the  solution.  Thus,  selective  corrosion  becomes  more  pro¬ 
nounced  with  increasing  content  of  nonoxidizing  acid  in  the  solution  and,  at  the  same  time,  the  corrosive 
attack  on  tire  etched  zinc  surface  becomes  more  uniform.  This  provides  additional  confirmation  of  the  re¬ 
lationship,  found  by  us  earlier  [4],  between  the  size  of  the  hydrogen  bubbles  evolved  during  acid  corrosion 
and  the  uniformity  of  etching  of  the  zinc  surface;  the  smaller  the  bubbles  evolved  during  corrosion  in  con¬ 
ditions  of  predominant  hydrogen  depolarization,  the  more  regular  is  the  etching  of  the  zinc  surface. 

While  the  profile  for  the  selective  corrosion  of  zinc  in  hydrochloric  acid  of  different  concentrations  Is 
similar  to  Curves  I  -  IV  (Fig.  1)^  when  zinc  is  corroded  in  sulfuric  acid  solutions  of  higher  concentrations 
grooves  appear  in  the  profile,  as  is  seen  in  Curves  V  and  VI  (Fig.  1)„  which  are  more  pronounced  at  higher 
sulfuric  acid  concentrations.  This  fact,  and  also  the  curves  for  the  selective  corrosion  of  zinc  in  nitric  acid 
(Fig.  2),  provide  further  confirmation  of  our  finding  [1]  that  the  occurrence  of  a  groove  in  the  selective 
corrosion  profile  is  the  consequence  of  oxidative  depolarization  in  the  electrochemical  corrosion  process.  The 
nature  of  the  curves  in  Fig,  2  indicates  that,  as  in  the  selective  corrosion  of  zinc  in  hydrochloric  and  sulfuric 
acid  solutions,  an  increase  of  the  nitric  acid  concentration  in  the  solution  diminishes  the  region  of  selective 
corrosion  of  zinc. 
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It  should  be  pointed  out  that  this  decrease  of  the  region  of  selective  corrosion  of  zinc  with  increasing 
acid  concentration  is  undoubtedly  significant  in  relation  to  faulty  etching  of  zinc  stereotype  plates.  In  parti¬ 
cular,  attempts  to  accelerate  the  production  of  zinc  plates  by  increases  of  the  acid  concentration  in  the  etching 
bath  result  in  increased  faults  in  the  plates. 


Fig,  2.  Variation  of  the  thickness  of  a  zinc  plate  with  the  distance  from  the  acid -insulating 
layer.  A)  Thickness  of  the  zinc  plate  (in  1*10*  fi),  B)  distance  from  the  acid -Insulating 
layer  (in  |i). 

Corrosion  in  nitric  acid  solutions  of  the  following  strengths;  I)  0,26  N,  II)  0,52  N, 

III)  1.04  N.  IV)  2.08  N.  V)  3.12  N,  VI)  4.16  N. 


It  is  possible  that  the  variations  in  the  curves  in  Fig.  1  and  Fig.  2  are  caused  not  only  by  the  specific 
characteristics  of  the  elementary  electrochemical  process,  but  also  by  a  number  of  phenomena  which  accompany 
this  process.  Support  for  this  suggestion  is  provided  by  certain  differences  in  the  formation  and  state  of  the 
gaseous  corrosion  products,  and  also  in  the  thermal  processes  which  occur  at  the  etched  zinc  plate  in  corrosion 
of  zinc  in  hydrochloric  and  sulfuric  acid,  which  form  nonoxidizing  media  in  solution,  and  in  nitric  acid,  where 
zinc  corrodes  in  conditions  of  oxidative  depolarization.  The  groove  in  the  selective  corrosion  profile  for  solu¬ 
tions  containing  nitric  acid  is  the  consequence,  not  only  of  the  low  degree  of  gas  formation  in  the  corrosive 
process,  but  also  of  the  flow  of  fresh  solution  of  nitric  acid  from  the  surface  of  the  acid-insulating  layer  to  the 
directly  etched  zinc  surface,  which  may  occur  under  such  conditions.  The  probability  of  the  latter  becomes 
more  evident  if  it  is  taken  into  account  that  considerable  heat  is  evolved  in  the  course  of  acid  corrosion  in 
conditions  of  oxidative  depolarization  [3],  so  that  the  metal  and  the  adjacent  acid  layer  become  heated  and 
therefore  flow  of  cooler  nitric  acid  solution  onto  the  etched  surface  from  the  surface  of  the  acid -insulating 
layer  is  quite  natural.  This  temperature-gradient  effect  is  undoubtedly  less  likely  to  occur  in  hydrochloric  or 
sulfuric  acid  solutions,  owing  to  their  vigorous  agitation  by  the  hydrogen  bubbles  evolved  during  corrosion  of 
zinc;  according  to  our  observations,  the  bubbles  are  liberated  in  the  shape  of  a  fan  near  the  regions  of  their 
preferential  accumulation,  usually  in  the  form  of  a  necklace,  at  the  edges  of  the  acid -insulating  layer. 

Effect  of  temperature  on  the  selective  corrosion  of  zinc  in  acids.  For  studies  of  the  effect  of  temperature 
on  the  selective  corrosion  of  zinc,  the  experimental  zinc  plates  were  immersed  in  acid  solutions  previously 
heated  to  20,  40,  and  60*  and  kept  at  these  temperatures  until  the  end  of  the  experiments.  It  follows  from  the 
curves  in  Fig.  3  that  the  nature  of  the  selective  corrosion  of  zinc  at  the  temperatures  studied  does  not  vary  in 
hydrochloric  acid  solutions,  but  variations  occur  in  sulfuric  and  nitric  acid  solutions.  As  the  temperature  of  the 
sulfuric  acid  solutions  increases,  the  groove  in  the  selective  corrosion  profile  becomes  larger,  while  in  nitric  acid 
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solutions  under  the  same  conditions  the  groove  becomes  both  deeper  and  wider.  Therefore,  increase  of  the 
solution  temperature  increases  both  the  influence  of  oxidative  depolarization  in  the  selective  corrosion  of  zinc, 
and  the  processes  of  convection  and  diffusion  in  the  corrosive  solution. 


Fig.  3.  Variation  of  the  thickness  of  a  zinc 
plate  with  the  distance  from  the  acid-in- 
sulatijrg  layer.  A)  Thickness  of  the  zinc 
plate  (in  1*10^  M),  B)  distance  from  the 
acid -insulating  layer  (in  p). 

Corrosion  in  10  %  solutions  of ;  1)  HCl, 

II)  H2SO4,  III)  HNC^.  Temperature  (in  "  C): 
1)  20,  2)  40,  3)  60. 


Fig.  4.  Variation  of  the  thickness  of  a  zinc  plate 
with  the  distance  from  the  acid -insulating  layer. 
A)  Thickness  of  zinc  plate  (in  I^IO*  p),  B) 
distance  from  the  acid-insulating  layer  (in  p). 
Corrosion  in  18.4*70  sulfuric  acid  solution  con¬ 
taining:  I)  6*70  HNO,,  II)  2*7oNaN02,  III)  2*7o 
KgCrgO^,  IV)  2*70  KMnQi,  V)  2*7o  HgOg. 


Effects  of  oxidizing  agents  on  the  selective  corrosion  of  zinc  in  18.4*7o  sulfuric  acid.  The  oxidizing 
agents  used  were  NaN02,  K2Cr202,  KMn04,  H20^  as  2*7p  additions  to  18.4 *7°  sulfuric  acid.  As  the  corrosion 
tests  in  these  solutions  were  all  carried  out  at  the  same  temperature,  the  curves  in  Fig.  4  represent  the  influence 
of  each  of  these  agents  on  the  selective  corrosion  of  zinc.  An  interesting  fact  is  that  the  selective  corrosion 
profile  of  zinc  in  18.4*7°  sulfuric  acid  did  not  change  in  presence  of  these  oxidizing  agents.  The  explanation 
is  that  corrosion  in  these  solutions,  as  in  the  same  acid  without  oxidizing  agents,  was  accompanied  by  copious 
liberation  of  hydrogen  bubbles,  and  corrosion  products  were  formed  on  the  etched  zinc  surface,  indicating  the 
predominant  influence  of  hydrogen  depolarization.  However,  with  a  gradual  increase  of  the  nitric  acid  con¬ 
tents  in  hydrochloric  or  sulfuric  acid  solutions,  it  was  found  [4]  that  gas  liberation  diminished  and  there  was  a 
decrease  in  the  formation  of  corrosion  products  on  the  etched  surface.  This  change  in  the  state  of  the  corrosion 
products  of  zinc  in  sulfuric  acid  solution  containing  nitric  acid  is  represented  by  the  selective  corrosion  profile 
I  in  Fig,  4.  From  this  we  may  conclude  that  these  changes  in  the  state  of  the  corrosion  products  are  the  con¬ 
sequence  of  a  transition  from  hydrogen  depolarization  to  oxidative  depolarization  in  the  elementary  electro¬ 
chemical  process  of  zinc  corrosion.  One  of  the  objects  of  our  future  investigations  will  be  the  determination 
of  a  more  detailed  relationship  between  these  effects  and  the  consequences  of  the  selective  corrosion  of  zinc. 

SUMMARY 

1.  Increase  of  the  acid  concentration  in  solution  decreases  the  region  of  selective  corrosion  of  zinc, 
represented  by  the  distance  over  which  the  etching  of  the  zinc  surface  gradually  increases,  from  the  acid- 
insulating  layer  to  the  region  of  complete  etching. 
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2.  Increase  of  tile  temperature  of  an  oxidizing  acid  medium  increases  the  influence  of  oxidative  de¬ 
polarization  by  increasing  the  groove  in  the  selective  corrosion  profile  of  zinc, 

3.  The  form  of  the  selective  corrosion  profile  of  zinc  in  acid  media  containing  oxidizing  agents  de¬ 
pends  not  only  on  the  depolarization  processes  of  electrochemical  corrosion,  but  also  on  a  number  of  accom 
panying  effects, 

4.  These  findings  concerning  the  profile  and  region  of  selective  corrosion  of  zinc  in  acids  provide  an 
explanation  of  the  faulty  etching  effects  which  occur  in  the  production  of  zinc  stereotype  plates, 
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INVESTIGATION  OF  A  THIOCYANATE  ELECTROLYTE  FOR  COPPER  PLATING 


B,  S.  Krasikov  and  A,  M.  Gvozd 


For  replacement  of  the  relatively  unstable  and  poisonous  cyanide  electrolytes  for  copper  plating  of 
steel,  numerous  electrolyte  compositions  have  been  proposed,  based  on  lactic  acid,  oxalic  acid  [1,  2],  ammonia 
[3],  and  pyrophosphoric  acid  [4,  5].  One  suitable  electrolyte  is  the  pyrophosphate  electrolyte,  but  in  order  to 
avoid  contact  deposition  of  copper  the  articles  to  be  plated  should  be  suspended  in  the  electrolyte  while  the 
current  is  flowing,  which  is  not  always  convenient.  Moreover,  for  better  adherence  of  the  coating  to  the  basis 
metal  the  latter  should  first  be  treated  in  sodium  pyrophosphate  solution  [5],  which  also  complicates  the  pro¬ 
cedure. 

We  have  carried  out  tests  on  the  use  of  thiocyanate  electrolytes  for  the  production  of  dense  copper  coatings 
with  good  adherence  to  the  steel  surface. 

An  installation  consisting  of  an  electrolytic  and  a  potentiometi;ic  circuit  was  used  for  studying  the 
electrode  position  conditions.  A  coulometer  was  connected  in  the  electrolytic  circuit.  The  anodes  were  made 
from  copper  of  M-O  grade,  and  steel  articles  of  various  shapes  were  used  as  the  cathodes.  The  electrolyte  was 
made  by  solution  of  Chevreul's  salt  (Cu  SC^  •Cu2SC)^  •2H2O),  in  potassium  thiocyanate;  this  method  was  used  to 
prepare  electrolytes  of  the  following  compositions  (in  moles/liter);  0,05  CuCNS  +  1.7  KCNS,  0,1  CuCNS  + 

+  2.5  KCNS,  0.2  CuCNS  +  5  KCNS. 

To  determine  the  copper  concentration  in  the  electrolyte,  the  KCu(CNS)2  domplex  was  decomposed  by 
boiling  with  sulfuric  acid;  the  solution  was  evaporated  to  dryness,  diluted  with  water,  and  titrated  with  thio¬ 
sulfate. 

The  free  thiocyanate  content  was  determined  by  titration  of  a  standard  solution  of  AgNO^  with  the 
original  electrolyte,  in  presence  of  ferric  iron. 

The  electrode  potentials  were  determined  to  an  accuracy  of  ±  2  mv,  the  current  density  was  determined 
to  the  nearest  ±  0.5  %  ,  and  the  current  efficiency  also  to  the  nearest  ±  0.b°lo. 

EXPERIMENTAL 

Cathodic  and  anodic  polarization  curves  for  thiocyanate  electrolytes  of  different  compositions  are  shown 
in  Fig,  1. 

It  is  seen  that  the  cathodic  polarization  curves  are  shifted  in  the  direction  of  more  negative  potentials 
with  increasing  thiocyanate  concentration;  this  can  be  explained  on  the  assumption  that  the  stage  of  discharge 
of  the  complex  ion  Cu(CNS)2’  according  to  the  scheme;  Cu(CNS)2'  +  e  — >  Cu  +  2CNS",  is  retarded;  this 
scheme  does  not  differ  in  principle  from  that  suggested  by  Vagramyan  [6]  for  the  discharge  of  complex  copper 
cyanide  anions  [Cu(CN)2"  ]. 

In  this  case  the  presence  of  specifically  adsorbed  CNS"  anions  on  the  cathode  surface  will  prevent  the 
discharge  of  Cu(CNS)2’  anions,  in  complete  harmony  with  the  theory  of  delayed  discharge  [7],  It  is  known 
from  the  literature  [8]  that  die  CNS"  anion  shows  well-defined  specific  adsorption. 
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The  anodic  polarization  curves  are  also  shifted  in  the  direction  of  more  negative  potentials  with  increasing 
thiocyanate  concentration  in  the  electrolyte,  owing  to  increased  solubility  of  the  dense  film  of  Cu(CNS)  fornif'd 
on  the  anode.  It  also  follows  from  the  figure  that  limiting  currents  are  reached  at  fairly  high  current  densities. 


Fig.  1.  Anodic  and  cathodic  polarization  curves 
for  a  copper  electrode  in  KCu  (CNS)2  +  KCNS 
solutions.  A)  Current  density  D(,  (in  amp/dm*), 
B)  potential  (in  v).  Curves;  1,  2,  3,  7) 
cathode;  4,  5,  6)  anode.  Concentrations  of 
KCu(CNS)2  and  KCNS,  respectively  (in  nor¬ 
malities);  1,4)  0/)5  and  1.7;  2,  5)  0.1  and 
2.5;  3,6,  7)  0.2  and  5.0  (7- with  stirring  of 

the  electrolyte). 


A 


Fig.  2.  Effect  of  temperature  on  cathodic 
polarization  of  a  copper  electrode  in  a 
solution  of  0.1  N  KCu(CNS)2  +  2.5  N  KCNS, 

A)  Current  density  (in  amp/dm*), 

B)  potential  (in  v).  Temperature 
(in*C):  1)  5  ,  2)  20  ,  3  )  30  ,  4  )  40, 

5)  50. 


Thus,  it  follows  from  a  consideration  of  the  dependence  of  on  the  adsorption  potentials  of  the  CNS‘  ion 
and  the  limiting  currents  that  the  course  of  the  polarization  curve  is  determined  by  the  combined  influence  of 
the  retardation  of  the  discharge  stage,  and  of  concentration  polarization.  The  value  of  ijjj^  is  directly  pro¬ 
portional  to  the  concentration  of  Cu(CNS)2’  in  the  electrolyte.  Stirring  of  the  solution  (Fig,  1)  and  increase  of 
temperature  (Fig,  2)  diminish  the  influence  of  concentration  polarization,  but  do  not  eliminate  it  completely. 
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Fig.  3,  Variation  of  cathode  potential  in  a  solution 
of  0,1  N  Cu(CNS)2  +  2,5  N  KCNS  with  concentration 
of  thiourea  (D^.  =  0,3  amp/dm*).  A)  Cathode  potential 
V’c  (in  v);  B)  concentration  of  thiourea  (in  g/liter). 


The  combined  influence  of  the  retarded 
discharge  and  of  concentration  polarization  is 
also  seen  in  i  /  v?  curves  for  different  tem¬ 
peratures,  It  is  known  that  the  temperature 
coefficient  of  the  rates  of  reactions  in  which 
concentration  effects  form  the  rate -determining 
step  is  close  to  1,2  [9],  If  the  electrochemical 
stage  is  retarded,  the  temperature  coefficient 
is  close  to  2  [10].  Therefore;  K 


if +  10 
it 


2, 


cone.  It 
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In  the  case  under  consideration,  the  lower  the  current  density  and  the  more  positive  the  cathode  potential, 
the  greater  must  be  the  role  of  the  retardation  of  the  discharge  stage.  Tlris  is  well  illustrated  by  the  data  in 
Table  1. 


TABLE  1 

it  +  10 

Values  of  K  =  — - -  at  Different  Cathode  Potentials, 

it 


• 

<Pc  =  - 

0.42  V 

'fc  =  - 

0.44  V 

1 

II 

o 

0.46  V 

''c  =  - 

0.48  V 

"c  =  - 

0..50  V 

■Pc  =- 

0.52  V 

i 

K 

i 

K 

i 

K 

i 

K 

i 

K 

i 

K 

5 

0.2 

0.31 

0.39 

0.46 

15 

_ 

— 

0.16 

— 

0.3 

1.5 

0.40 

1.29 

0.48 

1.23 

0.54 

1.17 

20 

— 

— 

0.22 

— 

0.36 

— 

0.46 

— 

0.54 

— 

0.60 

— 

26 

— 

— 

0.28 

1.75 

0.44 

1.47 

0.55 

1.37 

0.64 

1.33 

0.72 

1.33 

.30 

0.17 

— 

0.36 

1.63 

0.61 

1.42 

0.63 

1.36 

0.74 

1.37 

0.83 

1.37 

35 

0.25 

— 

0.44 

1.57 

0.60 

1.37 

0.73 

1.33 

0.82 

1.28 

— 

— 

40 

0.33 

1.94 

0.54 

1.50 

0.69 

1.35 

0.80 

1.27 

— 

— 

— 

— 

45 

0.44 

1.80 

0.63 

1.43 

0.76 

1.28 

0.86 

1.18 

— 

— 

— 

— 

50 

0.53 

l.GO 

0.72 

1.34 

0.84 

1.22 

Moreover,  specific  adsorption  of  CNS”  ions  decreases  with  rise  of  temperature,  and  this  partially  accounts 
for  the  shift  of  the  cathodic  polarization  curves  in  the  positive  direction  under  these  conditions. 

We  also  studied  the  discharge  of  the  complex  thiocyanate  anion  Cu(CNS)2  in  presence  of  thiourea, 
which  is  recommended  by  a  number  of  authors  [11]  as  a  brightening  additive  for  copper  electrolytes. 

The  results  of  the  experiments  are  plotted  in  Fig,  3;  it  is  seen  that  the  presence  of  thiourea  in  the  elec¬ 
trolyte  results  in  some  displacement  of  the  polarization  curves  in  the  direction  of  more  negative  potentials. 

At  high  enough  concentrations  of  thiourea,  further  additions  of  it  to  the  electrolyte  do  not  cause  any  additional 
shift  of  potential.  It  is  likely  that  adsorption  of  molecules  of  thiourea  on  the  cathode  surface  produces  further 
retardation  of  the  discharge  of  Cu(CNS)2  anions.  In  die  presence  of  0.8  to  1,6  g  of  urea  per  liter  in  the 
electrolyte  bright  copper  deposits  are  obtained  at  D^.  =  0.2-0 .4  amp/dm^. 


TABLE  2 

Effect  of  Current  Density  on  Current  Efficiency  (Cathode  and  Anode) 


Current  density  D^. 

(in  amp/dm2) 

1 

0.12 

0.20 

0.40 

0.60 

0.80 

Current  efficiency  (Vc) 

(%) 

80.0 

86.3 

98.2 

72.1 

56.0 

Current  density  D^  ' 

(in  amp/dm* ) 

1 

0.03 

0.05 

0.10 

0.15 

0.20 

Current  efficiency  T) a 

83.0 

92.0 

94.1 

1 

99.8 

99.6 

The  anode  and  cathode  current  efficiencies  are  given  in  Table  2.  It  is  seen  that  both  the  cathode  and 
the  anode  current  efficiencies  increase  with  increasing  current  density.  However,  at  i>  iiimCu*  given 


1014 


concentration  of  copper  In  the  electrolyte,  the  current  efficiency  drops  sharply  owing  to  simultaneous  dis¬ 
charge  of  hydrogen.  The  anode  current  efficiency  increases  with  increasing  thiocyanate  concentration  in  the 
electrolyte,  whereas  the  catiiode  current  efficiency  remains  almost  unchanged.  Moreover,  it  must  be  pointed 
out  that  at  high  anode  current  densities  the  anode  current  efficiency  exceeds  100%  owing  to  partial  chemical 
dissolution  of  copper  in  the  thiocyanate;  the  passivating  film  on  the  anode  disappears  in  the  process.  Similarly, 
the  current  efficiency  exceeds  100%  with  the  use  of  newly  cleaned  anodes,  and  then  decreases  to  values 
corresponding  to  the  given  current  densities.  After  prolonged  operation  under  the  appropriate  conditions 
(high  frequent  cleaning  of  the  anodes),  copper  builds  up  in  the  electrolyte,  with  eventual  precipitation  of 
CuCNS  on  the  floor  of  the  cell.  To  avoid  frequent  adjustment  of  the  electrolyte  composition,  the  ratio  of  the 
cathode  area  (S^)  to  the  anode  area  (S^)  should  be  in  the  range  0.2  ^  S^,/ Sg  <  0.5 ;  under  these  conditions 
the  electrolyte  composition  is  maintained  and  no  adjustment  is  needed  for  considerable  periods  (6-8  months). 

The  most  suitable  electrolyte  for  the  production  of  finely  crystalline  copper  deposits,  for  a  number  of 
reasons  (less  passivation  of  the  anodes,  better  throwing  power,  etc.)  proved  to  have  the  following  composition: 
0.1  mole  of  Cu*^  +  2.5  moles  of  KCNS  per  liter,  under  the  following  process  conditions:  temperature  not 
higher  than  25®,  =  0,15-0.25  amp/dm*. 

Under  these  conditions  good  deposits,  with  firm  adherence,  are  obtained  only  on  copper,  copper-based 
alloys,  and  iron  of  low  carbon  content  (not  more  tlian  0.1%C).  Coatings  on  steel  often  had  poor  adherence  to 
the  basis  metal.  This  defect  can  be  avoided  by  a  brief  increase  of  current  density  at  the  start  of  electrolysis; 
prolonged  electrolysis  at  high  current  densities  yields  spongy  deposits.  Therefore,  the  best  procedure  for  pro¬ 
duction  of  deposits  with  good  adherence  to  steel  consists  of  an  initial  current  "shock"  at  Dj,  =  1.0 -1,8 
amp/dm*  followed  by  deposition  of  copper  at  =  0.15-0.25  amp/dm*.  This  procedure  was  tested  on  a  large 
number  of  specimens. 

Copper  coatings  deposited  from  thiocyanate  electrolytes  under  the  above  conditions,  and  also  thickened 
to  25  -30  |i  by  subsequent  deposition  of  copper  from  an  acid  copper  electrolyte,  did  not  peel  off  during  repeated 
bending  of  the  specimens  according  to  the  GOST  test  procedure. 

Tlie  porosity  of  the  deposits  was  investigated  by  means  of  the  ferroxyl  test  [12].  It  was  found  that  a 
nonporous  coating  is  obtained  when  the  deposit  is  1.0-1,25  p  thick, 

SUMMARY 

1.  A  thiocyanate  electrolyte  for  copper  plating,  with  the  composition  (in  moles/liter):  0.1  CuCNS, 

2.5  KCNS  has  been  studied  and  tested.  'Puis  electrolyte  is  recommended  for  use  instead  of  cyanide  electrolytes. 

Hie  process  conditions  are;  temperature  not  over  25®,  0.2  5=  <  0.5,  =  1.2-1.6  amp/dm*, 

Tinit  =  2-3  seconds,  =  0,15-0.25  amp/dm^,  t  =  10-15  minutes,  I  =  1.0-1. 8  p. 

2.  Addition  of  0.8-1.6  g  of  thiourea  per  liter  to  the  electrolytegives  bright  copper  deposits. 

3.  Tlie  throwing  power  of  the  electrolyte  and  the  uniformity  of  the  coating  over  articles  of  complex 
configuration  are  similar  to  those  of  cyanide  baths. 

In  conclusion,  the  authors  express  their  deep  gratitude  to  Head  of  the  Laboratory  of  Physical  Chemistry 
of  the  State  Institute  for  the  Planning  of  the  Nickel  Industry,  V,  L,  Kheifets,  for  valuable  advice  on  the  de¬ 
velopment  of  a  thiocyanate  electrolyte  for  copper  plating. 
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OXIDATION  OF  C  YC  LOPEN  TANON  E  WITH  NITRIC  ACID 


E,  N,  Zilberman  and  A.  I.  Kirillov 


Oxidation  of  cyclopentanone  with  nitric  acid  yields  glutaric  acid  with  succinic  acid  as  a  side  product 
[1-3],  The  use  of  50%  nitric  acid  is  recommended  for  oxidation  of  cyclopentanone  [2],  It  is  reported  in  the 
patent  literature  [3]  that  cyclopentanone  is  oxidized  with  8-18%  nitric  acid  to  obtain  glutaric  acid.  It  has 
been  shown  [4]  that  in  the  oxidation  of  cyclohexanol  with  nitric  acid  the  principal  reaction  product  may  be 
either  adipic  or  glutaric  acid,  depending  on  the  concentration  of  nitric  acid.  This  suggests  that  the  formation 
of  glutaric  acid  in  the  oxidation  of  cyclopentanone  also  depends  on  the  nitric  acid  concentration.  No  infor¬ 
mation  on  this  is  available  in  the  literature.  Neither  is  there  any  information  in  the  published  papers  on  the 
composition  of  the  gas  phase  of  the  oxidation  products  of  cyclopentanone  (or  other  ketones  or  alcohols)  with 
nitric  acid. 

We  studied  the  oxidation  of  cyclopentanone  with  nitric  acid  in  the  range  of  5  to  85%o  concentration. 

The  yields  of  glutaric  and  succinic  acid  were  determined  by  partition  chromatography  [4,  5],  The  principal 
gaseous  reaction  products  were:  nitrogen  dioxide,  nitric  oxide,  nitrous  oxide,  nitrogen,  and  carbon  dioxide. 
The  gaseous  mixture  also  contained  dimerized  NC\,,  The  concentration  of  N2O4  depended  on  the  temperature 
of  the  gas  and  the  partial  pressure  of  NO^,  A  method  for  quantitative  analysis  of  this  mixture  was  developed. 
To  determine  NO2  and  N2O4,  the  gas  was  treated  with  NaOH  solution.  The  following  reaction  took  place: 


2NaOn  +  NO2+ NO-^  2NaN02-f  H2O. 

Since  more  NO  than  NO2  was  formed  in  all  the  experiments,  the  reaction 

2Na0H  +  2N02->NaN02-|-NaN03-t-  H2O  (2) 

did  not  occur  [6],  Tlie  separate  contents  of  NO2  atid  N2O4  were  determined  from  the  equilibrium  constants  for 
the  dimerization  reaction  of  nitrogen  dioxide  [7],  Another  sample  of  the  gas  was  oxidized  with  hydrogen 
peroxide.  The  contents  of  NO,  NO^,  and  N2O4  in  the  gas  were  calculated  from  the  amount  of  nitric  acid 
formed.  The  gas  which  did  not  dissolve  in  the  peroxide  solution  was  passed  consecutively  through  alkaline 
pyrogallol  solution,  alkaU,- methanol  (to  absorb  nitrous  oxide),  and  water.  The  residue  was  nitrogen.  A  third 
sample  of  the  gas  was  used  for  determination  of  carbon  dioxide  (by  precipitation  with  barium  hydroxide).  The 
concentration  of  water  vapor  was  calculated  from  the  vapor  pressure  of  H2O  over  aqueous  nitric  acid  solutions 
at  20*  [8],  Tlie  nitrous  oxide  content  was  found  by  difference, 

Tlie  experimental  results  are  summarized  in  the  table.  The  data  were  used  to  calculate  the  yields  of 
glutaric  and  succinic  acids  (Fig.  1),  From  the  known  amount  of  HNO^  reduced  to  nitrogen  oxides  (found  by 
difference  from  the  HNC^  contents  in  the  original  nitric  acid  and  in  the  liquid  reaction  products)  and  the 
percentage  contents  of  N2,  N2O,  NO,  NO2,  and  N2O4  in  the  exit  gases  at  the  end  of  each  experiment  it  was 
easy  to  calculate  the  absolute  amounts  of  each  of  these  gases  formed  in  the  oxidation  of  cyclopentanone  under 
various  conditions  (Fig.  2).  The  absolute  amount  of  carbon  dioxide  formed  in  the  oxidation  of  cyclopentanone 
was  found  from  the  absolute  amounts  of  nitrogen  oxides  and  the  percentage  of  CO2  in  the  gaseous  products 
(Fig.  1,  Curve  3), 
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Oxidation  of  Cyclopentanone  With  Nitric  Acid 


Experiment  No. 

Oxidation  tem¬ 
perature  (•  C) 

Cyclohexanone 

(ing) 

Nitric  acid  1 

Acid  yields, 
%of  theore¬ 
tical 

Gas  phase  composition  (in 
vol.  %)  at  20* 

before 

oxidation 

after 

oxidation 

succinic 

glutaric 

1 

N, 

i 

i  N,0 

j 

NO 

NO, 

N,0, 

CO, 

d 

<-«  GO 

hi 

in  g 

k  (5*1 
=■  2 
^  tc 

1 

75 

15.5 

367.0 

85.0 

340.0 

73.4 

68.5 

17.8 

6,6 

7.8 

49.1 

7.4 

5.7 

24.0 

2 

75 

15.5 

354.5 

76.0 

331.0 

63.7 

66.8 

22.8 

6.2 

9.7 

47.4 

7.0 

5.4 

23.7 

3 

75 

15.7 

347.5 

65.3 

330.5 

54.1 

58.3 

34.2 

7.1 

11.9 

46.5 

6.5 

4.5 

22.6 

4 

75 

14.7 

378.0 

55.8 

369.0 

46.3 

44.5 

48.8 

10.0 

26.6 

31.5 

5.1 

2.7 

23.0 

5 

75 

14.5 

323.0 

46.0 

321.0 

37,1 

35.2 

67.0 

8.0 

43.3 

14.1 

3.9 

1.7 

27.5 

6 

75 

14.6 

312.5 

39.9 

312.5 

31.9 

37.0 

58.7 

8.5 

59.0 

5.3 

2.5 

0.6 

22.4 

7 

75 

10.8 

302.5 

34.6 

302.5 

28.2 

35,8 

63.5 

6.7 

72.6 

2.7 

1.4 

0.2 

14.6 

8 

75 

10.8 

296.5 

30.7 

298.5 

24.6 

28.6 

69.5 

6.3 

73.6 

2.3 

0.5 

0.05 

16.3 

9 

75 

10.9 

286.0 

25.0 

292.0 

19.8 

18.7 

81.2 

6.2 

77.0 

2.0 

0.3 

0.0 

12.5 

10 

90 

13.6 

334.0 

20.0 

340.5 

14.5 

14.4 

85.4 

5.8 

70.5 

5.7 

0.5 

0.05 

15.3 

11 

90 

14.0 

325.0 

15.0 

332.0 

9.4 

10.1 

87.5 

6.4 

74.4 

5.4 

1.0 

0.1 

11.5 

12 

100 

14.0 

316.0 

10.0 

320.0 

4.5 

12.9 

80.0 

6.1 

1 

62.9 

1 

3.6 

1.6 

0.3 

23.3 

A 


Fig.  1,  Variation  of  the  com  position  of  the 
oxidation  products  of  cyclopentanone  with  the 
nitric  acid  concentration. 

A)  Amounts  of  glutaric  acid  (1),  succinic  acid 
(2),  and  carbon  dioxide  (3)  (in  moles)  obtained 
from  one  mole  of  cyclopentanone;  B)  HNO^ 
concentration  (in  %). 


A 


Fig.  2,  Variation  of  the  composition  of  the 
reduction  products  of  nitric  acid  with  its 
concentration. 

A)  Composition  of  HNC^  reduction  products 
(molar);  B)  HNO^  concentration  (%). 

1)  HNQ,.  2)  NO.  3)  NOfe.  4)  N2O4.  5)  N. 


Cyclohexanone  is  oxidized  mainly  by  the  three  over-all  reactions; 

GgHgO  — H00C(CH2)3C00H 
glutaric  acid 


(3) 
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(4) 


CRHyO  — -2^  H00C(CH2)2C00H -fC02+ HgO 
succinic  acid 

GgHgO  — ^  5CO2  +  4H2O. 


(5) 


It  follows  from  Fig.  1  that  Reaction  (4)  predominates  at  high  HNO^  concentrations  in  the  reaction  mixture, 
while  Reaction  (3)  predominates  at  low  lINO|  concentrations.  Increase  of  the  HNOj  concentration  favors  com¬ 
plete  oxidation  of  cyclopentanone  to  CC^.  At  nitric  acid  contents  below  35-40%  the  effect  of  Reaction  (5)  is 
negligible  and  CO^  is  formed  only  by  Reaction  (4).  With  decreasing  concentration  of  HNC^  its  reduction  to 
NO,  NC\,  and  N2  diminishes.  When  the  HNOjj  content  is  below  30%  only  very  small  arnounts  of  NO  and  NO^ 
are  formed.  It  is  clear  from  Fig,  2  that  the  curve  for  the  reduction  of  nitric  acid  to  N2O  follows  a  different 
course.  There  are  some  deviations  from  the  above-named  relationships  with  increase  of  the  oxidation  tem¬ 
perature  (Experiments  Nos,  10-12),  No  direct  relationship  could  be  established  from  the  results  of  these  ex¬ 
periments  between  Reactions  (3),  (4),  or  (5)  and  the  reduction  of  HNC:^  to  any  given  substances. 

The  highest  yield  of  glutaric  acid  (85-87%  of  tlieoretical)  was  obtained  by  oxidation  of  cyclopentanone 
under  the  following  conditions:  nitric  acid  concentration  in  the  reaction  mixture  10-20%,  temperature  90“ 
(oxidation  was  slow  at  lower  temperatures).  In  these  experiments 0,1  g  of  ammonium  vanadate  was  added  to 
300-350  g  of  nitric  acid  and  the  oxidation  was  continued  for  15-20  minutes, 

EXPERIMENTAL 

Cyclopentanone  (b.  p,  130*,  d*®  0,948)  was  obtained  by  pyrolysis  of  adipic  acid  in  presence  of  barium 
hydroxide. 

The  apparatus  used  for  oxidation  of  cyclopentanone  was  the  same  as  that  described  previously  for  the 
oxidation  of  cyclohexanol  to  adipic  acid  [4],  Cyclopentanone  was  added  for  15-20  minutes  to  nitric  acid 
containing  0.1  g  of  ammonium  vanadate,  Tlie  other  conditions  of  the  reaction  are  given  in  the  table.  The 
temperature  showed  fluctuations  of  ±  1.5*.  A  liquid  reaction  product  and  exit  gases  were  obtained  in  the 
oxidation.  Nitric  acid  in  the  liquid  was  determined  by  the  Devarda  method,  and  glutaric  and  succinic  acids 
were  determined  chromatographically  [4],  In  Experiments  Nos,  1-3,  a  small  solid  residue  was  also  formed; 
this  was  mainly  succinic  acid.  To  simplify  the  chromatographic  analysis,  water  was  added  to  the  reaction 
products  in  Experiments  Nos.  1-3  until  the  solid  phase  dissolved,  and  only  the  liquid  reaction  product  was 
analyzed.  (In  Column  7  of  the  table,  the  nominal  HNC]^  concentrations,  which  would  be  present  if  the  products 
were  homogeneous,  are  given  for  Experiments  Nos,  1-3), 

SUMMARY 

When  cyclopentanone  is  oxidized  with  10-20%  nitric  acid,  the  main  reaction  products  are  glutaric  acid 
and  nitrous  oxide.  As  the  nitric  acid  concentration  is  increased,  larger  amounts  of  succinic  acid,  nitric  oxide, 
nitrogen  dioxide,  and  nitrogen  are  formed. 
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THERMOC  ATALYTIC  CONVERSIONS  OF  A  L  K  Y  LN  A  PH  TH  A  L  ENE  S 


(ISOAMYLN  APHTHA  LENE) 
B.  G.  Gavrilov  and  N,  Kim 


Ipatyev  and  Klyukvin  [1]  heated  naphthalene  at  450-480*  in  presence  of  nickel  oxide  and  aluminum 
oxide  catalyst  under  hydrogen  at  a  pressure  of  100  atm.  and  obtained  30*70  of  hydrocarbons  of  the  benzene 
series  and  50%  of  tetrahydronaphthalene, 

Dobryansky  and  Katsman  [2]  obtained  naphthalene  and  dinaphthyl  by  the  cracking  of  tertiary  butyl- 
naphthalene. 

In  later  studies  of  the  reactions  of  ethyl-  and  butylnaphthalenes  in  presence  of  active  clay  (at  tem¬ 
peratures  not  greater  than  300*)  migration  of  the  alkyl  radicals  was  observed,  with  formation  of  di-  and  tri- 
substituted  naphthalenes,  and  also  formation  of  methanic  and  naphtheno-aromatic  hydrocarbons  by  reactions 
involving  redistribution  of  hydrogen  [3,4]. 

To  establish  the  laws  governing  these  reactions  it  was  necessary  to  carry  out  further  studies  of  the  reactions 
of  alkylnaphthalenes,  on  members  of  the  series  having  both  more  complex  and  branched  radicals.  6 -sec-amyl- 
naphthalene  was  investigated  for  this  purpose. 


Conditions 

Experiment 
No.  1 

Experiment 
No.  2 

Experiment 

No.  3 

Experiment 

No.  4 

Apparatus 

Autoclave 

Flask  under 

Autoclave 

Autoclave 

reflux 

Temperature  (in  *  C) 

250  ±  5“ 

260  ±  2 

275  ±  5 

275  ±  5 

Pressure  (mm) 

11 

1 

12 

5 

Heating  time  (hours) 

10 

5 

15 

11 

Conversion  (%) 

67.5 

60.4 

72.4 

69.3 

Starting  material 

Monoamyl- 

Monoamyl- 

Monoamyl- 

Diamyl- 

naphthalene 

naphthalene 

naphthalene 

naphthalene 

Substances  formed  in  the  experiments  (in  %) 


Pentane 

0.86 

1.1 

1.15 

1.06 

Naphthalene 

34.31 

35.2 

39.8 

1 

16.51 

Monoamylnaphtlialene 

32.46 

39.6 

27.6 

20.3 

Diamylnaphthalene 

9.62 

10.4 

10.85 

30.75 

Dinaphthyl 

— 

— 

4.72 

— 

Tar 

8.83 

3.1 

5.65 

16.56 

Carbon  on  catalyst 

2.67 

1.6 

2.0 

2.87 

Losses 

11.23 

9 

8.25 

11.85 

Total 

100.0 

100.0 

100,0 

100.0 

1021 


d  20 

Tlie  starting  material  had  the  following  properties:  b.  p.  (at  5  mm  Hg)  128-131  ,  n^  1,5796, 
df  0.9709. 

Die  position  of  the  amyl  radical  was  determined  by  oxidation  of  the  original  hydrocarbon  with  5% 
nitric  acid  in  sealed  tubes  at  170-175°.  The  resultant  0 -naphthoic  acid  melted  at  183,5-185°. 

Tire  catalyst  used  in  tire  experiments  was  activated  with  dilute  hydrochloric  acid  and  washed  free  of 
chloride  ions. 

Tlie  experiments  were  carried  out  in  an  autoclave  and  in  a  flask  fitted  with  a  reflux  condenser  with  a 
ground-glass  joint.  Diamylnaphthalene  prepared  and  collected  in  the  earlier  experiments  was  used  for  Ex¬ 
periment  No.  4.  In  the  autoclave  experiments,  the  reaction  was  assumed  to  be  ended  when  the  pressure  be¬ 
came  constant;  in  the  flask  experiments,  when  the  temperature  of  the  hydrocarbon  layer  over  the  catalyst, 
which  gradually  fell  during  the  reaction,  became  constant. 

In  all  the  experiments  the  catalyst  —  hydrocarbon  ratio  was  1 :0.5, 

The  melting  point  (301-302°)  of  the  dinaphthoic  acids  obtained  from  the  resultant  diamylnaphthalenes 
indicated  that  the  structure  of  the  latter  was  2,7-diamyl  or  2,6-diamyl,  or  a  mixture  of  the  two  was  present. 

The  results  of  the  experiments  are  given  in  the  Table, 

The  principal  reaction  in  all  the  experiments  with  monoamylnaphthalene  yields  naphthalene,  diamyl¬ 
naphthalene,  and  pentane. 


k/ 

-j-  CioHgRg  R  H 


Formation  of  naphthalene  and  pentane  is  possible  only  by  internal  hydrogenation. 

In  tire  experiment  under  normal  pressure  the  formation  of  amylene  can  be  ascribed  to  pyrolysis  of  the 
starting  material  accompanying  the  above  reaction. 

Because  of  the  absence  of  high  pressure  in  this  experiment,  the  olefin  was  preserved 


+  C5H, 


Increase  of  the  temperature  to  275°  in  the  experiments  with  monoamylnaphthalene  resulted  in  formation 
of  dinaphthyl 


'5«n 


"h  2C5H12 


In  the  experimental  conditions  used,  the  principal  reaction  of  diamylnaphtlralene  conversion  was; 


Cl  006(^6^11)2 


OioHvCeHii  -(-  C5HJ2 


This  reaction,  too,  is  possible  only  if  internal  hydrogenation  occurs. 

The  formation  of  a  trisubstituted  derivative  of  naphthalene,  by  analogy  with  the  alkylbenzenes  [5], 


R 

/\ 


R 


+  1  I  • 


\/ 
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is  evidently  impossible  in  this  case  owing  to  the  low  thermal  stability  of  the  corresponding  naphthalene  de¬ 
rivatives  in  these  conditions. 


Comparison  of  tlie  results  of  experiments  on  thermocatalytic  conversions  of  amylnaphthalenes  over 
active  clays  witli  tire  conversion  of  alkylbenzenes  under  analogous  conditions  showed  that,  in  addition  to  the 
migration  of  unchanged  alkyl  radicals,  characteristic  for  the  alkylbenzenes,  specific  reactions  also  took  place, 
with  formation  of  naphthalene,  dinaphthyl,  pentane,  and  pentene. 

SUMMARY 

1,  It  was  shown  in  a  study  of  the  thermocatalytic  conversions  of  6 -sec-amylnaphthalene  and  diamyl- 
naphthalene  over  active  natural  clay  that  characteristic  reactions  of  the  original  hydrocarbons  result  in  the 
formation  of  pentane,  naphthalene,  diamylnaphthalene,  and  dinaphthyl.  Reactions  of  pentane  and  naphthalene 
formation  are  impossible  without  internal  hydrogenation.  The  hydrogen  sources  can  be  either  the  carboids 
deposited  on  the  catalyst,  or  complex  aromatic  hydrocarbon  structures  with  condensed  nuclei  of  depleted 
hydrogen  content,  present  in  the  tar. 

2,  The  0 -monoamylnaphthalene  and  2,6-  or  2,7-diamylnaphthalene  formed  in  the  experiments  are  the 
most  stable  isomers  under  the  given  conditions. 

3,  Increased  pressure  favors  the  formation  of  saturated  hydrocarbons,  primarily  paraffins, 
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USE  OF  ETHYL  ETHERS  OF  AMYLENE  C  H  L  O  ROH  Y  D  RI N  S  IN  MIXTURES 
WITH  DICHLORIDES  FOR  D  E  P  A  R  AF  F I NI Z  A  TIO  N  (DEWAXING) 

OF  AVIATION  OIL 


A,  K,  Seleznev 

Organic  Chemistry  Laboratory,  the  Grozny  Petroleum  Institute 


Seleznev  [1,  2)  has  described  the  synthesis  of  0-chloro  ethers  from  cracking  propylene  and  butylenes, 
and  their  use  as  solvents  for  dewaxing  of  aviation  oil. 

Tlie  aim  of  the  present  investigation  was  to  prepare  ethyl  ethers  of  amylene  chlorohydrins  mixed  with 
dichlorides,  from  tlie  pentane  —  amylene  cracking  fraction,  and  to  test  the  product  as  solvent  for  dewaxing  of 
aviation  oil. 


EXPERIMENTAL 

The  refinery  pentane  —  amylene  cracking  fraction  was  distilled  through  a  column  and  the  30-40®  fraction 
was  collected.  This  fraction  was  treated  [3]  with  concentrated  hydrochloric  acid  in  the  cold  to  yield  a  fraction 
containing  normal-chain  amylenes.  As  is  known,  strong  hydrochloric  acid  has  no  action  on  normal-chain 
amylenes  under  these  conditions.  The  fraction  had  iodine  number  88,  corresponding  to  23,9%  of  amylenes. 
This  product  was  used  for  synthesis  of  chloro  ethers  mixed  with  dichlorides. 

258  g  of  caustic  potash  in  the  form  of  a  fine  powder,  218  ml  of  ethyl  alcohol,  and  1760  ml  of  the 
pentane  —  amylene  fraction  (30-40°)  was  put  into  a  flask.  This  mixture  was  cooled  to  —  10°,  and  chlorine 
was  passed  into  the  mixture,  with  mechanical  stirring,  from  a  cylinder  at  5  liters  per  hour  (controlled  by  a 
flow  meter).  At  the  end  of  the  reaction  the  product  was  diluted  with  water  to  dissolve  calcium  chloride,  the 
upper  layer  was  washed  to  remove  alcohol,  dried  over  calcium  chloride,  and  distilled. 

Distillation  yielded  265  g  of  a  fraction  boiling  in  the  126-156°  range;  this  consisted  of  ethyl  ethers  of 
normal-chain  amylene  chlorohydrins  mixed  with  dichlorides  (d*®  1.0  294,  n^  1,444), 

Analysis  of  the  126-156*  fraction,  by  Carius;  0.142  g  substance;  0.21  g  AgCl,  0.07275  g  (51.3%) 
chloro  ethers.  0,136  g  substance;  O.^O  g  AgCl,  0.0708  g  (52.0%)  chloro  ethers, 

Tlie  contents  of  chloro  ethers  and  dichlorides  were  calculated  from  the  weight  of  the  126-156“  fraction 
taken  for  the  Carius  analysis  and  tlie  weight  of  silver  chloride  formed. 


CsH 


io<( 


Cl 

O-CgH 


-AgCl 


C5H10CI2— 2AgCl 


(0.142  —  y)  —  X  y — '(0-21  —  a;) 
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These  results  show  that  the  126-156"  fraction  contains  51,6%chloro  ethers  and  48,4%  dichlorides. 

The  yield  of  chloro  ethers  was  137  g,  51,6%  of  the  theoretically  calculated  for  amylenes  in  the  30-40* 
fraction, 

Petrov  [4]  used  the  alkali  method  for  synthesis  of  the  ethyl  ether  of  pentene-2  chlorohydrin  (b,  p, 
153-156",  df  0,9612,  n“  1,4312), 

Test  of  the  126-156*  fraction  for  deparaffinization  of  aviation  oil,  A  raffinate  obtained  from 
Karachukhur  —  Surakhany  heavy  oil,  with  the  following  characteristics,  was  used  in  the  tests  of  dewaxing  of 
aviation  oil:  dj®  0,881,  Saybolt  viscosity  at  98,9"  96,  viscosity -weight  constant  0,803,  coke  0,215%, 
Pensky  —  Marten  flash  point  218,  NPA  color  7. 

A  mixture  of  the  raffinate  and  the  126-156*  fraction  solvent  was  warmed  to  60"  to  dissolve  the  raffinate, 
cooled  to  —  25*  in  the  freezer,  and  filtered. 

The  raffinate  —  solvent  ratio  was  1;4  in  all  the  experiments.  The  filtrate  was  distilled  under  vacuum 
to  remove  the  solvent,  and  the  pour  point  and  oil  yields  were  determined.  The  results  are  given  below. 

Results  of  dewaxing  of  aviation  oil  with  the  126-156*  fraction: 


Experiment 

No. 

Solvent 

Oil  yield 
(%) 

Pour  point  of 
dewaxed  oil  ("C) 

1 

126-156*  fraction 

76.6 

-15.5 

2 

126-156*  fraction 

75.8 

-16.0 

3 

Dichloroethane  —  benzene 

(refinery  solvent) 

73.6 

-18.5 

These  results  show  that  the  126-156*  fraction,  consisting  of  51,6%  chloro  ethers  and  48.4%  dichlorides, 
extracts  more  oil  than  the  refinery  solvent  (dichloroethane  —  benzene)  from  the  raw  material,  but  the  pour 
point  of  tliis  oil  is  somewhat  higher  than  that  of  the  oil  obtained  by  means  of  the  refinery  solvent. 

The  dewaxed  oils  obtained  in  Experiments  1  and  2,  with  the  use  of  the  126-156"  fraction,  were  mixed; 
the  mixture  had  the  following  constants;  dj®  0.8965,  kinematic  viscosity  (centistokes)  23.71  at  100*. 
174.68  at  50",  ratio  of  kinematic  viscosity  at  50*  to  kinematic  viscosity  at  100",  7.37  (standard  for  MS  20, 
not  over  7.85),  Viscosity  index  95, 

According  to  GOST  1013-49,  the  kinematic  viscosity  of  refinery  aviation  oil  (in  centistokes)  is  not 
less  than  20.  The  ratio  of  the  kinematic  viscosities  at  50”  and  100*  is  not  greater  than  7,85, 

SUMMARY 

A  mixture  of  6“chloroethers  arid  dichlorides,  obtained  from  the  pentane  —  amylene  cracking  fraction, 
can  be  used  as  solvent  for  dewaxing  of  aviation  oil, 
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USE  OF  THE  GUSTAVSON  -  FRIEDEL  -  CRAFTS  REACTION  FOR  THE 
PRODUCTION  OF  LUBRICATING  OILS  FROM  EXTRACTS 


I.  F.  Radzevenchuk 


The  production  of  high-grade  motor  fuels  and  lubricating  oils  is  the  main  task  of  the  petroleum  industry. 
The  interests  of  the  national  economy  demand  that  this  problem  should  be  solved  by  the  most  complete  utili¬ 
zation  of  the  petroleum  possible  [1,  2],  However,  in  the  modern  processes  about  a  half  of  the  petroleum  re¬ 
mains  in  the  form  of  low-grade  residues  [3],  It  therefore  becomes  necessary  to  find  ways  of  converting  these 
residues  into  useful  products.  Such  conversion  may  be  effected  by  synthesis,  by  chemical  conversion  of  hydro¬ 
carbons  in  extracts  into  lubricating -oil  and  motor-fuel  hydrocarbons. 

Our  earlier  investigation  of  alkylation  of  avtol-6  *distillate  with  chlorinated  paraffin  wax  in  presence 
of  aluminum  chloride  showed  that  an  oil  with  a  high  viscosity  index  can  be  obtained  from  low-grade  oil  by 
this  reaction  [4],  In  the  present  study,  the  Gustavson—  Friedel  —  Crafts  alkylation  reaction  was  extended  to 
extracts  obtained  in  the  selective  purification  of  oil,  for  production  of  lubricating  oils.  Extracts  from  selective 
purification  of  oil  are  usually  burned.  This  utilization  of  the  extracts  is  quite  uneconomic,  as  they  consist  of 
mixtures  of  high-boiling  hydrocarbons,  mainly  naphthenic— aromatic,  aromatic,  and  naphthenic  hydrocarbons 
with  short  aliphatic  chains  [5], 

The  chemical  composition  of  extracts  obtained  in  selective  purification  of  oils  has  been  studied  by  a 
number  of  authors  [6-8],  Mair  and  Willingham,  who  studied  the  extract  from  selective  purification  of  a 
mid-continent  petroleum,  concluded  that  the  hydrocarbons  in  the  extract  consist  of:  1)  60*70  of  naphthenes 
with  1  to  3  rings  in  the  molecule;  2)  15*7oof  hydrocarbons  with  1  aromatic  and  1-3  naphthenic  rings  in  the 
molecule;  3)  14%  of  hydrocarbons  with  2  aromatic  and  2  naphthenic  rings  in  the  molecule;  4)  14%  of 

hydrocarbons  with  more  tlian  2  aromatic  and  1-2  naphthenic  rings  in  the  molecule.  Fractions  2,  3,  and  4 
contained  small  amounts  of  sulfur,  nitrogen,  and  oxygen. 

Because  of  the  different  aniline  points  of  the  oil  hydrocarbons,  separation  by  means  of  selective  solvents 
is  not  sharp  enough  [7,  8]  and  valuable  oil  hydrocarbons  are  partially  extracted.  Neyman-Pilat  [8]  divided  oil 
hydrocarbons  into  two  groups,  which  pass  into  the  raffinate  and  extract  respectively.  The  following  pass  into 
the  extract; 


_ /GH3 

/  C12H25  2-n-dodecyl-p-menthane 

I 

CH3— CH— CH3 


/CH3 

_  ^GH2-CH2— CH— GH3 

_ ^-CIIa-CH 

I  ^CH2— GH2-GH— CH, 

CH3-CH-CH3  1 

GH, 


CL  -  perhydrocarvacr  yl  -  0  -  dilsoamy  lethane 


*  Avtol  is  an  automobile  lubrication  oil  available  in  various  grades;  avtol-6,  avtol-18,  etc.  Publisher's  note. 
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a  ,07diperhydrocarvacrylethane,  etc^ 


^ _ )-CH2-CH2-<^ _ \ 

I  I 

CII3— CII— GH3  Cllg— CII— CH3 

If  the  extracts  are  not  processed  for  oils,  these  hydrocarbons  and  a  number  of  others  (it  must  be  remembered 
that  extracts  from  selective  purification  of  oils  also  contain  part  of  the  good  oil)  are  lost  to  oil  production. 

If  long  aliphatic  chains  are  attached  to  the  aromatic,  naphthene- aromatic,  and  naphthenic  hydrocarbons 
of  the  extract,  hydrocarbons  are  formed  similar  in  structure  to  the  hydrocarbons  of  high-grade  oil  [9,  10]  and 
oil  of  a  high  viscosity  index  can  be  obtained  from  the  extract. 

In  the  present  Investigation  an  attempt  was  made  to  convert  the  hydrocarbons  in  the  extracts  by  means 
of  the  alkylation  reaction. 

The  extracts  or  their  fractions  were  used  as  aromatic  components  in  the  alkylation  reaction.  The  other 
reaction  component  was  chlorinated  paraffin  wax,  Tlie  catalyst  was  aluminum  chloride, 

EXPERIMENTAL 

Two  extracts  were  used  in  the  alkylation  experiments;  1)  an  extract  obtained  from  avtol-6  distillate 
of  Lok-Batan  oil  after  purification  with  furfural;  2)  an  extract  obtained  at  the  Baku  refinery  after  furfural 
purification  of  avtol-18  distillate  from  a  mixture  of  light  Bibi-Eibat  and  Lok-Batan  oils  (furfural  consumption 
100%). 

Alkylation  experiments  with  avtol-6  extract.  The  furfural  extract  of  avtol-6  distillate  was  prepared 
by  a  laboratory  method.  1,5  part  of  technical  furfural  per  1  part  of  oil  by  weight  was  taken.  The  oil  and 
furfural  were  heated  to  95*  without  stirring.  They  were  then  stirred  for  15  minutes  at  the  same  temperature. 

The  settling  lasted  for  4-5  hours  at  90  The  solvent  was  removed  from  the  extract  and  raffinate  by  steam 
distillation  to  a  negative  reaction  for  furfural.  The  yield  of  extract  was  14%  calculated  on  the  raffinate. 

The  constants  of  the  extract  are  given  in  Table  1, 


TABLE  1 

Constants  of  the  Original  Extract  and  of  Oils  Obtained  From  It, 


Experiment 

No. 

< 

Amt,  of 
chlorinated 

wax  (%) 

Kinematic  viscosity; 
(in  centistokes)  at 
temp.  (°C) 

Viscosity 

index 

45.6 

“15.6 

24.6 

nD 

Solidifica¬ 
tion  P^' 

Yield  (70 

on  extract) 

37.8 

08.9 

Original 

extract 

_ 

236.5 

11.025 

—48.9 

0.9838 

_ 

—20 

Treated 

extract 

3 

— 

176.87 

9.72 

negative 

0.9626 

1.540 

— 

— 

1 

3 

13 

123.5 

9.03 

21.18 

_ 

_ 

—40 

40 

2 

3 

23 

87.48 

7.93 

44.6 

0.9634 

1.5288 

0° 

65 

3 

3 

28 

69.60 

7.403 

64.9 

0.9507 

— 

0° 

60 

4 

3 

37 

34.71 

5.47 

101.7 

0.9423 

1.5120 

0° 

66 

5 

1.6 

13 

126.36 

9.93 

29.56 

0.9644 

— 

— 

60 

The  chlorinated  wax  was  made  from  white  Grozny  wax  with  m.  p.  52".  Chlorine  was  passed  through  it 
at  60-70*  to  give  12-13%  weight  increase.  Tlie  product  was  dissolved  in  ligroine,  the  solution  was  cooled,  and 
unchanged  wax  was  filtered  off.  The  ligroine  was  not  removed  from  the  chlorinated  wax,  and  acted  as  the 
solvent  in  alkylation. 


1027 


TABLE  2 

Constants  of  Fractions  Obtained  by  Vacuum  Distillation  of  Avtol-18  Extract 


Q 

e 

1.540 

1.5602 

1.566 

1.571 

1.575 

OJ 

jujod  uop 
-«3TJTPnos 

—21.5 

—  3 

—  3 

—  2 
0—5 
+  3 

! 

Viscosity 

index 

—100 

negative 

negative 

negative 

I  Kinematic  visco¬ 
sity  (in  centistokes) 
rat  temo.  '(“C) 

0 

lO 

43.053 

78.47 

237.2 

421  1 

w 

Y 

Od 

00 

Cd 

4.667 

8.948 

13.75 

19.52 

28.35 

viscous,  lo 
mobilit 
solid 

luejsuoo 

iqSjaM 

-Xipoog|4 

0.9499 

0.9594 

0.9681 

0.9732 

00 

04  S'! 

0.9918 

1.0007 

1 

1  tnio 

0.9725 

1.0141 

1.085 

1.032 

Color 

1  Transparent  yellow- 
orange  j 

Yellow-orange  1 

Yellow-orange  with  1 
green  fluorescence 

Greenish 

Green 

Dark  green 

black 

Yield 
(Wt,  °Io) 

1 

7.9 

9.5 

10.6 

12.9 

13.3 

31.6 

14.2 

i 

Temperature 
range  (*C) 

'  80—192 

192—195 

195—214 

214—230 

230—234 

234—293 

residue  in 
steam  330*  | 

•ON 

1  UOpOBIjJ 

rH  M  00  ^  lO  CD 

After  removal  of  the  ligroine  the 
chlorinated  wax  had  dis*,!  =  0,9067  and 
contained  15*70  of  chlorine. 

The  technical  aluminum  chloride 
catalyst  had  the  following  composition; 

1)  water-soluble  portion  —  Fe  1,89*70, 

A1  20,18*7o,  Cl  76,63*7o;  2)  insoluble  por¬ 
tion—  0,72*7o,  AljO^  —  absent,  SiO^ 

0,22*7o  (total). 

The  reaction  conditions  were  the  same 
as  are  used  for  synthesis  of  Paraflow  [11],  A 
mixture  of  chlorinated  wax  solution  in  ligroine 
and  of  the  extract  of  avtol-6  distillate  was 
heated  to  60",  Aluminum  chloride  was  then 
added  by  small  portions  with  vigorous  stirring. 
The  mixture  was  stirred  and  heated  for  2 
hours  and  then  settled.  The  top  oily  layer 
was  decanted  from  the  tarry  deposit,  washed 
with  water,  and  heated  with  10*70  of  activated 
gumbrin  at  240*,  The  ligroine  solvent  was 
distilled  off  in  the  process;  the  oil  was 
neutralized  and  freed  from  suspended  tarry 
particles.  The  product  was  filtered.  At  first 
the  amount  of  aluminum  chloride  used  was 
constant,  3*7o ,  while  the  amounts  of  chlori¬ 
nated  wax  were  varied.  Constants  of  oils 
obtained  by  alkylation  of  the  extract  with 
different  amounts  of  chlorinated  wax  are 
given  in  Table  1,  Constants  of  the  original 
extract  and  of  the  extract  after  treatment 
with  3*7c  aluminum  chloride  are  given  for 
comparison. 

It  follows  from  the  data  in  Table  1 
that  the  viscosity  index  of  the  oil  produced 
from  the  extract  reaches  101,  Its  viscosity 
and  density  are  considerably  lower  than  those 
of  the  original  extract,  A  decrease  of  the 
amount  of  aluminum  chloride  from  3*70  to 
1,5*7o  improved  the  quality  and  yields  of  the 
alkylation  products.  As  has  been  reported  [12], 
a  small  amount  of  AlClg  is  sufficient  for  the 
alkylation  reaction.  If  excess  AICI3  is  pre¬ 
sent,  polymerization  and  condensation  reactions 
take  place,  especially  if  the  product  is  viscous 
(see  experiments  with  extract  of  Soz  avtol-18). 

Thus,  it  is  seen  that  the  alkylation 
reaction  can  be  used  for  reforming  of  hydro¬ 
carbons  in  avtol-6  extract  in  the  desired 
direction,  with  production  of  good  oils  from 
the  extract. 
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Experiments  on  alkylation  of  extract  of  Soz  avtol-18  extract.  Tlie  Soz  avtol-13  extract  (obtained  at 
the  refinery  after  purification  of  avtol-18  distillate  with  furfural)  had  the  following  constants;  d^o  = 

=  1,0317,  Engler  viscosity  at  100°,  8.06,  Tire  viscosity  index  was  strongly  negative.  The  softening  point  by 
the  "ring-bair  method  was  0-5*. 

Group  composition  of  avtol-18  extract.  (Marcusson  method);  asphaltenes  1.21,  oil  80,90,  tars; 

1)  benzene  7.89,  2)  alcohol-benzene  10.05, 

For  a  more  detailed  chemical  characterization,  the  avtol-18  extract  was  fractionated  under  vacuum 
(0,3  mm).  The  constants  of  the  fractions  collected  are  given  in  Table  2,  It  follows  from  these  data  that 
avtol-18  extract  has  a  high  content  of  hydrocarbons,  and  rational  utilization  of  these  hydrocarbons  is  very 
desirable. 

A  series  of  experiments  was  carried  out  to  determine  the  amount  of  aluminum  chloride  necessary  for 
stabilization  and  purification  of  the  extract.  As  a  result  of  these  experiments  it  was  decided  to  use  5%  of 
aluminum  chloride  for  the  alkylation  reaction,  as  a  high  percentage  did  not  have  any  significant  effect  on  the 
quality  of  the  extract.  Alkylation  of  avtol-18  was  carried  out  under  the  same  conditions  as  for  avtol-6. 

Table  3  contains  the  constants  of  the  products  formed  by  alkylation  of  the  extract  with  different  amounts  of 
chlorinated  wax. 

It  follows  from  the  data  in  Table  3  that  the  viscosity  index  of  the  products  increases  considerably  with 
increasing  amounts  cf  chlorinated  wax  used  for  alkylation.  There  was  a  particularly  large  increase  of  viscosity 
index  as  the  result  of  the  reaction  with  28‘yc'  of  chlorinated  wax.  Tlie  value  rose  from  -  10  to  +  29.  The 
viscosity  and  density  of  the  oils  formed  decrease  considerably.  However,  tiie  change  of  the  viscosity  index  is 
less  for  this  raw  material  (avtol-18  extract)  than  for  avtol-6  extract,  while  the  viscosity  decrease  is  greater. 
The  alkylation  product  lowered  the  solidification  points  of  other  oils.  Addition  of  1%  of  the  oil  from  Experi¬ 
ment  5  to  standard  avtol  decreased  the  solidification  point  by  10  “, 

TABLE  3 

Constants  of  Oils  Obtained  by  Alkylation  of  Avtol-18  Extract  with  Different  Amounts  of 

Chlorinated  Wax. 


o' 

Z 

«-■ 

a, 

X 

u 

< 

-o 

0) 

4-1 

°Sx 

<  o 

Kinemati 
sity  (in  ce 
ALtemPo, 

37.8 

c  visco- 
ntistokes) 

98.9 

Viscosity 

index 

_,15.6 
^15. 6 

1 

•H  5 

to  J—  tw 

o  M  y 

.3  «  o 
>  ^  o 

1 

O 

<+H  o  n 

Tj  w 

s 

0,2 
|to  S 

■o 

u 

1  ^ 

! 

1 

6 

— 

5043 

42.01 

negative 

1.016 

0.9673 

+10 

50 

2 

5 

12 

2117.5 

35.24 

negative 

0.9984 

0.9431 

0 

54 

3 

5 

23 

860.15 

26.41 

- 10 

0.9890 

0.9343 

0 

77 

4 

5 

28 

430.9 

19.21 

29.14 

0.9765 

0.9263 

+  4“  flows 

0“  sets 

70 

5 

3 

33 

292.9 

16.03 

39.92 

0.9735 

0.9214 

0° 

91 

The  alkylation  product  from  Experiment  4  was  analyzed  chromatographically.  A  solution  of  the  oil  in 
ligroine  was  passed  through  activated  gumbrin.  Two  pale  fractions  were  eluted  by  means  of  ligroine.  A  third 
fraction  was  extracted  with  alcoholic  benzene.  The  yield  of  the  first,  colorless  fraction  was  1%,  of  the  second, 
pale  orange,  52%,  and  of  tlie  alcohol-benzene  fraction,  40%,  The  alcohol- benzene  fraction  was  dark  brown 
and  became  covered  with  a  hard  film  on  exposure  to  air.  lire  newly  synthesized  hydrocarbons  were  probably  in 
the  second  fraction,  as  in  the  alkylation  of  avtol-6  distillate  [4],  Tlie  constants  of  the  second  fraction  were; 
viscosity  index  47.63,  kinematic  viscosity  at  37.8*  =  149.3,  at  98,9*  =  11.002. 

As  the  avtol-18  extract  was  very  viscous  and  had  a  high  content  of  tars  and  asphaltenes,  it  was  decided 
to  distill  it  before  alkylation,  and  to  alkylate  the  distillate.  Steam  distillation  of  avtol-18  extract  yielded  50% 
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of  a  broad  pale  fraction  with  the  following  constants:  d}!:®  =  0,9942;  kinematic  viscosity  at  37.8*  =  400,7, 
at  98,9"  =  10,48;  viscosity  index  27;  solidification  point  +  1*.  Tliis  distillate  was  alkylated  under  the  same 
conditions  as  before  in  presence  of  3%  of  aluminum  chloride  and  33%  of  chlorinated  wax. 

The  product  was  treated  as  follows:  30  minutes  before  the  end  of  the  reaction  10%  of  activated  gumbrin 
was  added.  The  mixture  was  settled  at  60*  for  two  hours,  1.8%  of  tar  was  formed.  The  alkylation  product 
was  washed  with  water,  and  the  solvent  (ligroine)  was  distilled  off  in  steam  (up  to  200*).  The  constants  of  the 
original  distillate  and  of  the  oil  obtained  from  it  by  alkylation  are  compared  in  Table  4, 

TABLE  4 

Constants  of  the  Original  Distillate  and  of  the  Oil  Obtained  From  It 


Material 

%,  AlClg 

Amount  of 
chlorinated 

Kinematic  viscosity  (in 
centistokes)  at  temp,(*  C) 

Viscosity 

index 

wax,  % 

37.8 

98.9 

Distillate  of  extract 
After  alkylation 

3 

33 

400.9 

87.79 

10.48 

7.93 

-27 

44,72 

It  follows  from  this  experiment  that  not  the  whole  extract  but  its  distillate  should  be  alkylated.  Alkyla¬ 
tion  of  the  distillate  gives  an  oil  similar  to  avtol-6  in  viscosity  and  viscosity  index.  The  residue  from  steam 
distillation  of  the  extract  may  be  converted  into  gilsonite. 

Rational  and  total  utilization  of  the  hydrocarbons  even  in  such  viscous  extracts  as  the  extract  of  Soz 
avtol-18  is  possible  in  this  way. 

In  some  experiments  the  distillate  of  avtol-18  extract  was  alkylated  at  a  higher  temperature  and  in 
presence  of  a  larger  amount  of  aluminum  chloride.  The  products  had  very  high  viscosities  and  low  viscosity 
indices.  Evidently,  increases  of  the  amount  of  aluminum  chloride  and  of  the  reaction  temperature  are  in¬ 
advisable. 


SUMMARY 


1,  The  alkylation  of  extracts  of  avtol-6,  Soz  avtol-18,  and  of  a  distillate  of  the  latter  with  chlorinated 
wax  in  presence  of  aluminum  chloride  was  studied,  and  it  was  found  that  the  extracts  can  be  converted  into 
lubricating  oils  by  alkylation. 

2,  It  was  found  that  tlie  viscosity  indices  of  the  oils  formed  increase  with  increasing  percentage  of  the 
chlorinated  wax  used  for  alkylation.  For  example,  the  reaction  of  avtol-6  extract  with  23%  of  chlorinated 
wax  yielded  65%  of  an  oil  of  viscosity  index  44.6,  When  the  amount  of  chlorinated  wax  was  increased  to  37%, 
the  viscosity  index  of  the  oil  rose  to  10 1, 

3,  It  was  found  that  in  the  case  of  highly  viscous  extracts  such  as  Soz  avtol-18  extract, it  is  preferable 
to  alkylate  the  steam  distillates  of  the  extracts  rather  than  the  extracts  themselves.  The  steam  distillate  of 
avtol-18  extract  yielded  an  oil  with  viscosity  close  to  that  of  avtol-6  and  viscosity  index  44,7, 
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SYNTHESIS  OF  SOME  NEW  DIALLYL  ESTERS  OF  DIBASIC  ACIDS 


M,  F,  Shostakovsky ,  A,  M.  Shut,  and  B.  F.  Filimonov 


Because  of  the  relative  simplicity  of  their  synthesis  and  their  ability  to  form  space  polymers,  diallyl 
esters  of  dibasic  acids  are  of  considerable  practical  interest. 

The  diallyl  esters  of  the  following  acids  were  synthesized  in  the  present  investigation:  diglycolic  acid, 
di(carboxyethyl)  ether,  di(carboxyethyl)  ether  of  ethylene  glycol,  glutaric  acid,  and  pimelic  acid, 

EXPERIMENTAL 

The  original  acids,  Glutaric  acid  was  prepared  by  oxidation  of  cyclopentanone  [1],  which  was  itself 
prepared  from  adipic  acid  [2],  Diglycolic  acid  was  prepared  by  Eichloff's  method  [3],  based  on  the  reaction 
of  monochloroacetic  acid  with  barium  hydroxide.  Pimelic  acid  was  prepared  by  reduction  of  salicylic  acid  [4], 

Di(carboxyethyl)  ether  and  ethylene  glycol  di(carboxyethyl)  ether  were  synthesized  by  saponification  of 
the  cyanoethylation  products  of  water  and  ethylene  glycol  respectively. 

Water  was  cyanoethylated  by  a  method  based  on  an  American  patent  specification  [5]  at  45“  in  dioxane 
in  presence  of  10%  aqueous  NaOH;  a  mixture  of  53  g  of  acrylonitrile,  50  g  of  dioxane,  and  10  g  of  aqueous 
NaOH  was  stirred  in  a  flask  fitted  with  a  stirrer  and  thermometer.  After  6  hours  the  mixture  was  cooled  to 
room  temperature,  neutralized  with  hydrochloric  acid  until  neutral  to  Congo  red,  and  heated  to  remove  dioxane. 
Fractionation  of  the  residue  yielded  28  g  of  substance  (45%  of  the  theoretically  calculated  yield  of  a  product, 
boiling  at  155-157“  at  2,5  mm  Hg).  The  boiling  point  and  refractive  index  (n^  =  1.4380)  of  this  di(cyanoethyl) 
ether  practically  coincided  with  literature  data  [5],  It  was  found  during  the  experiment  that  the  dioxane  dis¬ 
tilled  off  can  be  used  repeatedly  without  any  decrease  of  the  yield  of  ether;  moreover,  our  experiments  showed 
that  if  the  time  of  heating  is  increased  from  6  to  10  hours  the  yield  can  be  raised  to  55%.  Glycol  was  cyano¬ 
ethylated  [6]  in  presence  of  40%  NaOH,  followed  by  neutralization,  filtration,  and  vacuum  distillation.  The 
yield  of  6,  6*-dicyanodiethyl  ether  of  ethylene  glycol  was  62%.  Tlie  boiling  point  (160-169“  at  2  mm  Hg) 
and  the  refractive  index  (n^  =  1,4490)  agreed  closely  with  literature  data  [6], 

The  dinitriles  were  saponified  by  boiling  with  concentrated  hydrochloric  acid  [6].  The  filtrate  obtained 
after  separation  of  the  precipitated  ammonium  chloride  was  evaporated  on  the  water  bath  under  vacuum  until 
a  semiliquid  mass  was  formed;  this  solidified  to  a  crystalline  mass  after  standing  for  three  days  over  sulfuric 
acid  in  a  vacuum  desiccator.  Residual  ammonium  chloride  was  extracted  with  acetone;  removal  of  the  acetone 
and  drying  over  phosphoric  anhydride  in  a  vacuum  desiccator  yielded  the  solid  acid.  The  yield  of  ethylene 
glycol  di(carboxyethyl)  ether  after  recrystallization  from  alcohol  was  73%;  di(carboxyethyl)  ether  was  not  re¬ 
crystallized;  alkali  titration  showed  that  it  was  91,2%  pure. 

Synthesis  of  diallyl  esters,  Allyl  alcohol  (b,  p,  94  -  97“,  n^  =  1.412)  was  synthesized  from  glycerol 
and  formic  acid  [7],  In  some  cases  the  70%  alcohol  was  used,  prepared  by  the  same  method,  but  not  dried  by 
treatment  with  calcined  potash. 

Tlie  esterification  was  performed  by  the  azeotropic  method  in  apparatus  similar  to  the  Dean  and  Stark 
apparatus  for  determination  of  water  in  oil  distillates,  in  presence  of  sulfuric  acid. 
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The  organic  acid,  allyl  alcohol,  benzene,*  and  sulfuric  acid  were  put  into  the  flask  of  the  apparatus 
and  the  mixture  was  heated  on  a  boiling  water  bath  until  the  lower  layer  in  the  water -separation  tube  ceased 
to  increase.  The  reaction  mass  was  then  washed  twice  with  water,  once  with  sodium  carbonate,  and  again 
with  water.  The  product  was  dried  over  anhydrous  sodium  sulfate,  heated  to  remove  benzene,  and  fractionated 
under  vacuum.  Table  1  gives  the  synthesis  conditions,  yields,  and  boiling  points  of  the  esters,  and  Table  2 
gives  their  constants  and  analytical  data. 


TABLE  1 

Synthesis  Conditions  and  Properties  of  Diallyl  Esters 
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Amounts  taken 

1 
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Glutaric  acid 

97 

8.6 

35 

10 

1 

3 

9.4 

68 

119 

20 

Diglycolic  acid 

146—148 

8.6 

85 

10 

1 

4.2 

11 

80.3 

139—140 

6—6 

Pimelic  acid 

101—103 

9.6 

50** 

30 

0.8 

15 

10.5 

92 

145—147 

Di(carboxyethyl)  ether 

_ 1 

16.5 

27 

41 

100** 

15 

35 

1 

1.7 

6 

25 

11 

21 

60 

68 

"131—138 

131—133 

2 

2 

Ethylene  glycol  dl(car- 
boxyethyl)ether 

62.3 

20.6 

27** 

16 

1 

5 

10 

86 

163—165 

2.6 

•*  Esterification  with  70%  allyl  alcohol. 

**•  Unrecrystallized  acid,  91.2%  pure  (by  titration). 


As  the  experiments  with  di(carboxyethyl)  ether  showed  that  the  yield  of  ester  is  not  decreased  if  70% 
allyl  alcohol  is  used,  the  latter  was  used  for  esterification  of  pimelic  acid,  sebacic  acid,  and  ethylene  glycol 
di(carboxyethyl)  ether. 

The  esters  are  colorless  liquids  (the  diglycolic  acid  ester  turns  yellow  on  standing).  They  are  all  heavier 
than  water,  insoluble  in  water,  but  soluble  in  organic  solvents.  They  are  easily  absorbed  by  the  skin,  causing 
strong  irritation. 

Most  of  the  esters  have  a  fairly  faint  odor  similar  to  that  of  allyl  alcohol;  the  esters  of  diglycolic  acid 
and  di(carboxyethyl)  ether  have  an  odor  similar  to  the  odor  of  herring  brine.  All  the  esters  polymerize  on 
heating  with  benzoyl  peroxide. 

Polymerization.  If  the  diallyl  esters  are  heated  with  benzoyl  peroxide  for  30-35  hours  in  sealed  tubes, 
soft  gelatinous  or  loose  polymers  are  formed.  Copolymerization  of  these  esters  with  divinyl  adipate,  pimelate. 


*  In  the  experiments  with  glutaric  and  diglycolic  acid  0.2  g  of  hydroquinone  was  also  added;  later  experi¬ 
ments  showed  that  this  addition  is  unnecessary,  as  the  diallyl  esters  do  not  polymerize  to  any  great  extent  during 
synthesis. 
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or  sebacate  yields,  after  15  hours,  transparent,  colorless  products  the  hardness  of  which  depends  on  the  monomer 
ratio  in  the  original  mixture.  All  the  polymers  and  copolymers  are  insoluble  in  benzene  and  in  acetone. 

TABLE  2 

Constants  and  Analytical  Data  of  Diallyl  Esters 


Elementary  analysis 

Diallyl 
ester  of 

20 

20 
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C  (%)  1 
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found 

calc. 

found 

calc. 

Glutaric 

acid 

1.0483 

1.4520 

55.37 

54.60 

0.2104 

0.2008 

0.4805 

0.4585 

0.1378 

0,1352 

62.28 

62.40 

62.26 

7.33 

7.53 

7.65 

Diglycolic 

acid 

1.1046 

1.4580 

52.39 

52.85 

0.2016 

0.2012 

0.4136 

0.4133 

0.1171 

0.1175 

55.95 

66.02 

56.07 

6.46 

6.49 

6.54 

Pimelic 

acid 

Di(carboxy- 

ethyl) 

ether 

Ethylene 

glycol 

di(carboxy- 

ethyl) 

1.0119 

1.4562 

64.60 

64.20 

0.1358 

0.1502 

0.3224 

0.3589 

0.1021 

0.1129 

66.02 

65.30 

64.97 

8.43 

8.40 

8.39 

1.0679 

1.4542 

61.63 

61.50 

0.1779 

0.1404 

0.3872 

0.3063 

0.1191 

0.0941 

59.40 

69.58 

69.49 

7.48 

7.51 

7.49 

ether 

1.0869 

1.4613 

1 

72.44 

72.51 

0.1101 

0.1347 

0.2354 

0.2873 

0.0768 

0.0938 

58.40 

58.22 

58.70 

7.81 

7.79 

7.74 

SU  MMARY 

Diallyl  esters  of  glutaric,  diglycolic,  and  pimelic  acids,  of  di(carboxyethyl)  ether,  and  of  ethylene 
glycol  di(carboxyethyl)  ether  not  previously  described  in  the  literature,  have  been  synthesized  (in  yields  of 
36-92%  of  theoretical);  when  these  esters  are  heated  on  the  water  bath  in  presence  of  benzoyl  peroxide  they 
yield  transparent  but  soft  polymers  of  low  strength.  Copolymerization  with  divinyl  esters  of  dibasic  acids 
yields  colorless,  glassy,  strong  products;  both  the  polymers  and  the  copolymers  are  insoluble  in  benzene  and 
in  acetone. 
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WATER-REPELLENT  TREATMENT  OF  LEATHER  WITH 
ORG  ANOSILICON  COMPOUNDS* 


E,  K.  Maminov  and  M.  G,  Voronkov 


In  recent  years  organosilicon  compounds  have  been  widely  used  for  conferring  hydrophobic  properties 
on  (increasing  the  water  resistance  of)  various  materials  [1-3], 

In  particular,  it  is  reported  in  the  foreign  periodical  [4-7]  and  patent  [8-11]  literature  that  polyalkyl 
siloxanes  and  polyalkyl  silazanes  can  be  used  for  making  leather  water-repellent.  However,  these  data  refer 
to  proprietary  organosilicon  water-repellent  preparations,  the  exact  composition  of  which  is  not  known. 
Therefore,  it  is  not  always  possible  to  reproduce  the  results  obtained  by  foreign  investigators  and  firms. 

The  purpose  of  the  present  investigation  was  to  develop  a  method  of  water-repellent  treatment  for 
leather  and  leather  articles  with  the  use  of  organosilicon  compounds  developed  mainly  in  the  Institute  of 
Silicate  Chemistry,  Academy  of  Sciences,  USSR. 

As  is  known,  repeated  soaking  and  drying  of  leather  in  use  results  in  deterioration  of  a  number  of  its 
useful  properties.  The  leather  shrinks,  becomes  hard,  and  wears  out  more  rapidly.  The  tensile  strength  and 
the  heat-insulating  properties  of  the  leather  decrease,  and  it  becomes  considerably  more  permeable  to  water. 

Water-repellent  treatment  of  leather  with  organosilicon  compounds  confers  very  high  and  stable  water 
resistance  on  leather,  owing  to  chemical  bonding  of  the  water-repellent  film  by  the  collagen  of  the  leather. 

The  leather  does  not  lose  its  other  favorable  properties  in  the  process.  It  is  especially  important  that  the 
volume  of  the  pores  in  the  leather  remains  practically  unchanged,  so  that  its  permeability  to  vapors  and  air 
does  not  diminish. 

Water-repellent  leather  dries  much  more  rapidly  than  ordinary  leather  after  being  wetted,  and  does  not 
harden  after  drying  but  retains  its  sofmess  and  elasticity.  Leather  treated  with  organosilicon  compounds  soils 
much  less  readily,  has  a  higher  resistance  to  the  usual  destructive  factors  (perspiration,  moisture,  light,  weather, 
etc.)  and  to  mechanical  influences  (repeated  flexing),  v/hile  fat-Hquored  leather  (Russian  cowhide  boot  leather) 
is  less  defatted  by  the  action  of  water,  dust,  and  dirt. 

In  a  search  for  organosilicon  compounds  which  would  confer  the  best  and  most  stable  water-repellent 
properties  on  leather,  the  following  compounds  were  tested. 


Compound 

Formula 

Code 

Polymethylsiloxane 

(CH8SiHO)n 

MN-1 

Polyethylsiloxane 

(C2H5SiHO)n 

EN-1 

Dimethyldiacetoxysilane  + 

methyltriacetoxysilane  (1 ;  1  molar) 

(CH3)2Si(OCOCHj)2  + 

+  CHjSiiCXOCHs), 

A-3 

Communication  IV. 
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Compound 

Formula 

Code 

Methyldiacetoxystearoxysilane 

C  H*  Si(OC  OCHj  )20C  OC„% 

A-4 

Diethyldiacetoxysilane  +  tetia- 

acetoxysilane  (1 ;  1  molar) 

(C2H5)jSi(OCOCH8)g  + 

+  Si(OCOCH3)4 

A-11 

Poly(trimetiiylsiloxy)acetoxysiloxane 

[(CH9),SiOSi(OCCX:Hs)0]n 

A- 12 

Sodium  methylsiliconate 

CH3Si(0H)20Na 

MSN 

Sodium  ethylsiliconate 

CjH5Si(OH)j,ONa 

ESN 

Sodium  phenylsiliconate 

CeH5Si(QH)gPNa 

FSN 

Methyldimethoxysilane 

CH3SiH(OCHs>2 

MDS-9 

Methylbis  (2-ethoxyethoxy)silane 

CH8SiH(0C>%CH30CjH5)2 

GMS-9 

Specimens  of  chrome— vegetable  tanned  cowhide  shoe  leather  and  chrome— 

tanned  calf  leather. 

8  X  36  mm,  were  treated.  The  specimens  were  coated  either  on  the  outer  or  on  the  flesh  side  with  a  solution 
of  a  given  compound  in  toluene  or  (for  MSN,  ESN,  FSN,  MDS-9,  and  GMS~9)  in  water,  by  means  of  a  brush 
or  by  spraying  until  the  leather  was  impregnated  right  through. 

In  addition,  treatment  with  the  water-soluble  organosilicon  preparations  was  carried  out  by  immersion 
of  the  leather  specimens  in  aqueous  solutions  of  definite  concentrations.  The  impregnated  specimens  were 
dried  in  air  at  room  temperature  for  different  times,  according  to  the  solvent  and  compound  (from  1  to  3 
hours)  and  then  heated  for  5-6  hours  at  60-70*  (this  was  found  to  be  the  optimum  temperature  in  preliminary 
experiments).  The  treated  leather  specimens  were  tested  for  permeability  to  water,  vapor,  and  air  as 
specified  in  GOST  938-45.  Of  the  11  organosilicon  preparations  tested  as  water-repellent  treatments  for 
leather  uppers,  A-4  and  ESN  gave  the  best  results.  The  data  on  their  effects  are  summarized  in  Table  1. 

The  most  effective  treatment  is  with  5*7°  toluene  solution  of  A-4  preparation,  containing  0,0 l^p  of  ethyl 
orthotitanate  as  catalyst.  Aqueous  0,5-l'7o  solutions  of  ESN  produce  a  smaller  reduction  of  water  permeability 
and  require  the  addition  of  l,25*7o  of  sulfonated  train  oil  to  preserve  softness  of  the  leather.  However,  they 
have  the  advantage  that  the  solvent  is  water. 

The  results  were  then  applied  in  the  treatment  of  a  small  experimental  batch  of  army  leather  boots  with 
fabric  tops,  in  order  to  test  the  retention  of  the  water-repellent  properties  of  the  leather  during  wear. 

For  comparison  of  the  water-repellent  properties  of  army  boots  in  wear,  each  left  boot  was  treated 
with  b^o  solution  of  A-4  in  toluene  with  0.01% ethyl  orthotitanate  as  catalyst,  and  with  1%  aqueous  solution 
of  ESN  containing  1,25%  of  sulfonated  train  oil  as  plasticizer.  The  right  boots  were  untreated  and  served  as 
controls. 

The  boots  were  worn  by  soldiers  of  an  operational  unit  under  the  most  severe  weather  and  seasonal 
conditions  (February  to  June);  no  complaints  were  made  by  the  soldiers  of  leaks  through  the  leather  uppers 
of  the  left  experimental  boots,  while  the  control  right  boots  nearly  all  leaked  through  the  uppers,  confirming 
the  effective  water-repellent  properties  of  A-4  and  ESN  preparations. 

After  4  months  of  wear  several  pairs  of  boots  were  withdrawn  from  service,  and  their  water  permeability 
was  tested  in  the  laboratory,  water  being  poured  inside  to  a  height  of  200  mm.  The  results  of  the  leakage  tests 
are  given  in  Table  2. 

It  is  seen  that  despite  the  fact  that  the  experimental  left  boots,  like  the  control  right  boots,  had  been 
subjected  to  the  effects  of  snow,  water,  mud„  dust,tnechanical  impacts,  and  repeated  flexing  during  4  months 
of  wear,  their  water  resistance  was  retained. 

The  data  in  this  brief  communication  show  that  water-repellent  treatment  of  leather  and  leather 
articles  with  organosilicon  compounds  is  very  promising. 
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TABLE  1 

Effects  of  Organosilicon  Preparations  ESN  and  A-4 


TABLE  2 

Leakage  Testa  on  Boots 
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c(»)ditions 

right 

boots. 
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